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PREFACE. 



l^B desigii of this work is to fiimiah an epitome of the leading 
prinoiples of tlie Boience of Zoology, as deduced irom tlie prcBent 
state of koowlot^e, so illnetrated as to be intelUgible to the begin- 
ner. No similar treatise now exists in tins country, and, indeed, 
some of tlie topics liave not been touched upon in the English lan- 
fiaage, unless in a strictly technical form, and in scattered articles. 
On this account, some of Hie chapters, like those on Embryology 
and Metamorphosis, may, at Srst, seem too abstruse for scholars in 
our common schools. This may be the case, until teachers shall have 
made themselves somewhat tiimiliar with subjects comparatively new 
to them. But so essential have these subjects now became to a correct 
interpretaUon of phUosophica! zoology, that the stndy of them will 
hereafter be indispensable. They futnish a key to many phenomena 
which have been heretofore locked in mystery. 

Being intended ibr American students, the illustrations have been 
drawn, as far as possible, from American objeotH ; some of them are 
presented merely as ideal outlines, which convey a more definite 
idea than accurate aketchea from nature ; others have been left im- 
perfect, except as to the parts especially in question ; a large pcopor- 
tiOQ of them, however, are accurate portraits from original drawings. 
Popular names hayo been employed as far as pcssihle, and to the 
Boientiflo names an English termination has genecBlly been given ; 
hut the technical terms have been, added, in brackets, whenever mis- 
understanding was apprehended. Definitions of those least likely 
to be understood, may be found in the Index. 

The principles of Zoology developed by Professor Agassin in hia 
publiahed works have been generally adopted in this, and the results 
)f many new researches have been added. 

The authors gratefully acknowledge the aid they have received, 
la preparing the illustrations and working out the details, from Mr, 
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E. Desor for many years an associate of Professor Agaasiz, from ponnt 
Pourtal^s and B. C. Cabot, Esq., and also from Professor Asa Qray, 
byyaluahle suggestions in the revision of the letterpress. 

The first part is devoted to Comparative Anatomy, Physiology) 
and Embryology, ss the biisia of Classi&catlon, and also to the illus- 
tretion of the geographical distribution and the geological succesaion 
of Animals ; the second to Systematic Zoology, in which the prin- 
ciples of Classification will be applied, and the principal groups ct 
animals will be briofly characterized. 

Should our aim be attdned, this work will produce more e^arged 
ideas of man's relations to Nature, and more exalted conceptions of 
the Plan of Creation and its Great Author. 
BosiOH, Jmie 1, 1848. 



PREFACE TO THE REVISED EDITION. 

In revising the present work, the authors have endeavored to 
render more precise those passages which admitted of too htoad a 
signification or of a double interpretation; and to correct such errors 
as had arisen from inadvertence, or such as the rapid progress of Sci- 
ence has disclosed. They are indebted for many suggestions on 
these points to several distinguished teachers who have used the work 
as a test boot, and more especially to Professor Wyman, of Harvard 
University. Several entirely new paragraphs have also been added. 

A list of some of the principal authors who have made original 
researches, or of treatises which enter more into detail than was ad- 
missible in an elementary work, haa been given at the close of the 
volume, for the use of those who would piiraue the subject of 
Zoology in a more extended manner. 

Tae work having thus been revised and enlarged, the authors sub- 
mit it to the public with increased confidence in its accuracy an3 



Boston, February 1, 1851. 
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EXPLANATION OE THE FIGnBES. 



FaoNTiBPiECE, — The diagram oppoaile the title page is intended to 
present, at one view, the distribution of tlie principal types of animals, 
and tbe order of their sueoeseiTe appearance in the layers of the eatllv'a 
cruet. The four Ages of Nature, mentioned at page 221, ate represented 
hy four zones, of different shades, each of which is subdivided by circles 
indicatii^ the number of formations of which they are composed. Tha 
whole disk is divided by radiadng lines into four segments, to include the 
four great departments of the Animal Kingdom ; the Vertebratea, with 
Haa at their head, are placed in the upper compartmeat, the Articulates 
at tbe isft, the MoUusks at the tight, and the Radiates below, as being 
the lowest in rank. Bach of these compartments is again subdivided to 
include the difforent classes belonging to it, which are named at the outer 
circle. At the centre ia placed a figure to represent the primitive egg, 
with its gerroinative reeicle and germinalJTe dot, (278,) indioatire of the 
universal origin of all animals, and the epoch of life when all are appar- 
ently alike, (275, 276.) Surrounding this, at the point from which each 
department radiates, are placed the symbols of the several departments, 
as expliuned an page 1S6. The zones are traversed by rays which repre- 
sent Ijhe principal types of animals, and their origin and termination in- 
dicates the age at which they lirst appeared or disappeared, all those wbich 
reach the circumference being still in existence. The width of the ray in- 
dicates the greater or less prevalence of the type at different geoli^ioal 
ages. Thns, in the class of Crustaceans, the Trilobites appear to com- 
mence in the earliest strata, and to disappear with the carboniferous for- 
maUon. The Ammonites also appeared in the Silurian formation, and 
did not become extinct before the deposition of the Cretaceous rocks. 
The Belemnites appear in the lower Oolitic beds ; many forms commence 
in the Tertiary ; a great namber of types make their appearance only in 
the Modern age ; while only a few have continaed from the Silurian, 
through every period to the present. Thus, the Ctinoids were very nu- 
merous in the Primary Age, and are but slightly developed in the Tertiary 
and Modem Age. It is seen, at a glance, that the Animal Kingdom is 
much more diversified in the later than in the earlier Ages. 

Below the circle is a section, intended to show more distinctly the rel- 
ative position of the ten principal formations of stratified rocks (461) 
composing the four great geological ages ; the numerals corresponding to 
Hiose on the ray leading to Man, in "he circular figure. See also figure 154. 
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12 EXPLANATiON OF THE I'lGOUES. 

The Chakt of Zoological RBOiOHa, page 195, is intended to show 
llie limits of the several Faunas of the Ameriean Continent, correspond- 
ing to the cliniatal regions. And as the higher regions of the mountains 
eorreapond in temperature to the climate of higher latitudes, it will be 
seen that the northern temperate fauna enlends, along tho mounlaina ot 
Mexico anS Central America, much farther towards the Equator than it 
does on the loner levels. In the same manner, the Eouthetn. warm fauna 
Bxlends northward, along the Andes, 
Fio. 

1. Simple cell, magnified, a 

2. Cells when altered by prei 

3. Nucleated cells, (a,) magnified; b, nneleolated cellB. 

t. Cartilaginous tissue from a horse, magnified 120 diameters, 
fi. Osseoua tiasoe from a horse, magnifiad 460 diameters. 

6. Nervous fibres, showing the loops as they terminate in the skin of a 

ftog. 

7. Gray substance of the brua, magnified. 

8. Head of an embryo fiah, to show its cellular structure throughout 

9. Diagram, to show the nervous system of the Vertebrates, as found 

in a monkey. 

10. Di°^ram of the nervous ayatem of the Articulates, as seen in a lobster. 

11. IDiagram of the nervous system of the Mollusks, as found in Naliea 

13. Diagram of the nervous system of the Radiates, as found in Scutella, 

( EehiHaraclmita paniuc.) 
18. Sectionof the eye. o, optic nerve ; i, sclerotic coat j c, choroid coat [ 
d, retina ; e, crystalline lens ; /, comoa ; p, iris ; A, vitreous body ( 
/, chamber, divided by the iris. 

14. Diagram, showing the efieot of tiie eye on rays of Ught. 

15. Position of the eye of the snaQ. 

16. Eyes {ocelli) of the spider. 

17. Eye-spots of a star-fi^h, {Echirtaster sanguinolentm.) 

IB. Compound eyes, showing the arrangement of the facettes, and Iheii 
connection with the optic nerve, as seen in a crab's eye. 

18. Diagram of the human ear, to show the different chambers, canals, 

and bones. 
2a Tympanum and email bones of the ear, twice the natural size i o 

tympanum ; m, malleus ; n, iocus ; o, otbiculare : a, stapes. 
21 Section of the brain ot a crow, showing the origin of the nerves of 

22. Diagram of the laryns, in man, 

23. Larynx of the merganser, (JHcrjiM mCTjNWMB".) 

24. Nests of Ploceus Philippinus, male and female. 
26. Distribution of nerves M the muscular fibres. 

•2B. Test, or crust-like covering of an Eohinadena, {Gidaru.} 
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EXPLANATION OF THE FIGUKES. 13 

Fia 

v. M-uacuUr ribbons of tbe willaw-motti, {Cossia lignipenia.) 

28. Vertebra of a ood-aah. 

39. Dispositioa of the muscles of the trout, {Salmo Iratta.) 

30. DiaposiUon of the muscles of an owl, {Stfixbfachyolit.) 

31. Jelly-fishes, {Sionu/iTiuihiiim erueiatwn, Hippocrene Boiu/ainnUit, } 

32. Leeoh, showing the tenaina] cups. 

33. Fortion oC a Nereis, showing the gills as organs of motioo. 
ai-W. Modifications of the fore-arm. 

34. Monkey. 36. i^eer. 36. Tiger. 37. Wliale. 33. Bat. 

39. P^eon. *). Turtle. 41. Sloth. 42. Mole. 43, Whale. 
14. Leg of a beetle. 
45. Leg of a lizard. 
4S Skeleton of a tiger. 
47 Cattle-&sti, {LoUgo itiaisirosa.) 
18 Sea-anemone, {Actinia margitiata;) a, mouth; b, stomach; c, geoeiaj 

cavity of the body. 
49. Planaria, showing the mouth, stomach, and its branches. 
fiO. Javs, stomach, and intestine of a sea-nrchin, {Eiihima Hvidia.) 
fil. Plan of the digestive oi^ans of an insect. 
52. Plan of the digestive organs ol &l&ai-slag,lTebeiuiophonil CiavHlU- 



66. Jaws of an Echinoderm, (BeMnanBftniHSjjanne 
66. Java of a seA-uTBhin, [Eckmus gramilaiiu.) 
S7. Beakofacuttle-fish. 

68. Portion of the tongue of a moilnsk, (JVn^tca heroi,) magnified. 

69. Jaws of an AnneUde, (Wereif.) 

60. Trophi (organs for taking food) of a beetlft. 

61. " of a bee. 

62. 63. " of a squash-bug. 
64. '• of a butterfly. 

66. " of a Rotifer, iBrachiMius.) 

66. Jaws of ditto, magnified. 

67. Skull of a dger, showing the muscles for masticatton. 

68. Head of a snapping.turtle, {Emj/saitms lerpeaiina.) 

69. Head of a Whale, showing the whalebone. 

70. Head of an ant-eater. 

71. Head of an alligator. 

73. Head of a skate-fish, (MyUobaiis,) showing the palate booe. 

73. Head of a monkey, showing the three diflerent kinds of teaUi 

74. Teeth of an insectivorous animal, the mole. 
76. Teeth of a carniTCrons animal, the tiger. 
Tfl. Teeth cf a rodent 
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EXFLAMATIOM OF IHB 



7B. " " i 

80. " " in reptiles, " 

8L " " in Sshee, •' 

82 Port) ta of a vein opened, to ahavi the Talves 

83. Network of capillary veaeela. 

84. Borsal Teasel of an insect, with its valTea. 
85 Cavities of the heart of mammala and birds. 
86. " " " of a reptile. 

88. Heart and bloodvessels of a gaateropod molluak, {Natiea.) 

89. TracheeB, or air tuhea of au insect ; >, stigmata ; t, trachea. 

90. RelaUve position of the heart and lungs in man. 

91. Respiratory or^ana of a naked molluak, IFolycera iliuminala.) 

92. Respiratorj organs (gUla) of a fish. 

93. Vesicles and canals of the aalivaty glands. 

IH. Section of the skin, magnified, to ahon the sweat glands ; a, the cnl'a 
ft. blood-lajec ; e,epidernua i g, gland imhedded in the fat-lByer,(/ 

96. Egg of a skate-fiah, {MyliobaHs.) 

96. Egg of hydra. 

B7. Egg of anow-flea, [PodureUa.) 

9S. Section of an ovarian egg ; d, germinatlve dot ; ff, geiminative veri 
cle i t, ahell membrane ; p, vitelline membranB. 

99. Egg caaes of Pjrula. 

100. Monoculus bearing its eggs, a a. 

101. Section of abird's egg; a, albtmien;<:, chalami «, embryo ; t, shell 

102. Cell-layer of the germ. 

103. Separation of the cell-layer into three layers ; t, serous or nsrroui 

layer ; m, mucoua or vegetative layer ; v, vascular or blood layer. 

101. Embryo of a crab, showing its incipient ringa. 

105. Embryo of a vertebrate, showing the dorsal furrow. 

106-8. Sections of the embryo, ahowing the formation of the dorsal cannl. 

109. Section, showing Che position of the embryo of a vertebrate, in re- 
lation to the yolk. 

110 Section, showing the same in an articulate, (PodureSa.) 

111 -23. Sections, showing the successive stages of development of the 

embryo of the ffhite-Ush, magnified. 
128. Tcnng white-fiah Juat escaped from the egg, with the yolk not yet 

fully taken in. 
131, 125. Sections of the embryo of a bird, showing the formation of the 

allantoia ; e, embryo ; x x, membrane riaing to form the amnios ; 

a, allantois ; y, yolk. 
126. The same more fully developed. The allantoia (a) 'n further de- 
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ESPLAMATION OF THE FIGURES. I& 

Telojied, and bent ujntarda. The upper part of Che yoU {dd) i» 
nearly eeparnted frein the yolk sphere, and is to become the in 
testine. The heart (A) is already diatinct, and connected by 
threads with the blood-layer of the body. 
J. Section of the egg of a mammal ; v, the thick vitelline membrane, 
or chorion ; y, yolk ; a, germioative dot ; ff, germinativB vesicle. 

same, showing the empty space {k] between the vitelline sphere 

ind chorion. 

its tlie first indications of the getm already divided intwoiayera, 
the serous layer, (a,) and the mucous layer, (ni.) 

130. The mucous layer (m) expands over nearly half of the yolk, and be- 

comes covered with many little fringes. 

131. The embryo {e) is seen surrounded by the amnios, (*,) and covered 

by alarge allahtoiB,{a,) ji e, fringes of the chorion; p nt, Mngei 

of the matrix. 
13!. Hydra, showing its reproduction by buds. 
133. Vorticella, showing its reproduction by division. 
13*, Poiyps, showing the same. 

135. A chain of Salpoe. 

136. An individual salpa j m, the month ; a, embtyo* 

137. Cercaria, or early form of the DiGtaioa. 

138. DisComa, with its two suckers. 

139. Nurse of the Cercvia. 

110. The same, magnified, showing the included young. 

141. Grand nurses of the Cercaria, enclosing the young nurses. 

1*2. Stages of development of a jelly-fish, (Mediaa ;) a, the embryo In 
its first stage, much magnified ; b, summit, showing the month ; 
"■/, ff, tentacles shooting forth ; e, embryo adhering, and form- 
ing a pedicle ; h, i, separation into segments ; if, a segment be- 
come free ; U, form of the adult. 

1*3. Portion of a ptant-li^e polyp, {Campanularia ) a, the cup whicli 
bears tentacles ; b, the female cup, aontainiug ^gs ; e, the cups 
in which the young are nursed, and fWim which they issue. 

I**. Young of the same, with its ciliated margin, magnified. 

145. Bye of the perch, containing parasitic worms, {Diatoma.i 

148. One of the worms magnified. 

1*7. Transformations of the canker-worm, (GeomelFa veritalis/) a, (he 
canker worm ; 6, its chrysalis ; e, female moth ; d, male moth. 

1(3, Metamorplioaes of thedack-baraacie,<Jn<i(tfa,-) a.eggs, magnified; 
i, the animal as it escapes from the e^ ; c, the stem and eye ap- 
pearing, and the shell enclosing them ; d, animal removed from 
the shell, and farther magnified ; e,f, the matnre barnacle, affixed. 

119. Metamorphoses of a star-fish, (Echinmlcr mnj/uiiio!eiiliii,] showing 
the changes of the yolk, (e;) the formation of the pedicle, |p;l 
and the gradual change in<» the pentagonal and rayed fbrai. 
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EXPLANATION OF THE FICUBES. 

speeies, in its early stage, nith its stem 
swimming tree, 
.he sturgeon, to show its cartilagir.ous ret 

showing its imperfect organization. 
rust, to show the relative positions of the 
rocks composing it ; E, pltiEonic or massive rocks ; M, metamoi- 
phic rouks ; T, trap rooks ; L, lava. 1. Lower Silurian forma- 
tion i 2. Upper Siluriari ; S. DoTonian ; 4. Carboniferous ; 5. 
Trias, or Saliferous ; 6. Oolitic ; 7. Cretaceous; S.LowerTerU- 
arj or Eoccnei 9. Upper Tertiary, or Miocene, and Pleiocene; 
10. Drift. 

IBS. Fossils of the Faleeoscic age ; a, Lingula prima j i, Lepliena alter- 
nata ; e, Euomjihalus hemispherious ; d, TrochoUtes ammonius ; 
t, Avicultt decussala; f, Bucania expansaj ff, Orthoceras fusi 
forme ; (', Cyathoorinus omatissimus. Hall -, J, Caxioeriuus oina- 
tuB, Say i A, Meloerinns amphora, Goldf. ; I, Colnmnaria alvoo 
lata ; m, CyathophyUum quadrigeminom, Goldf. ; n, o, Caninia 
fiexuosa; p, Chietetes lycoperdon. 

U>6. ArUculata of the Paleozoic age; a, Harpes; b, Arges ; c, Brontes, 
d, Flatynotas ; e, fiurypterus remipes. 

167. Fishes of the Paleozoic age; a, Pteriohthjs; S, Coocosteus ; o, 

Dipterus ; d, palatal bone of a shark ; e, spine of a shark. 

168. Kcpresentations of the tracks of supposed birds and reptilea in the 

sandstone rocks. 

169. Supposed outlines of lohtliyosaurus, (a,) and Plesiosauros, (S.) 
160. Supposed outline of Pterodaotyle. 

181, Sheila of the Secondary age; a, Terebratula; S, Goniomya; e, 

162. Supposed outline of the cuttle-fish, (a,) famishing the Belemnite. 

163. Radiata from the Secondary age ; a, Lobophyllia flabellum ; ft, Litho- 

dendron pseudostylina ; c, Pentaoiinus briareua ; d, Fteroooma 
pinnata ; «, Cidaris ; /, Dysaster ; ff, Nuoleolites. 

164. Shells of the Cretaceous formation; n, Ammonitesi 6, Crioceins; 

c, Soaphites; d, Ancyloceras ; e, Karaites; /, Baculitea; j, 
Turrilitea. 

165. Shells of the Crelaceoua formation ; a, Magas ; ft, Inooeramus ; P, 

Hippurites ; d, Spondylus ; b, Pleurotomaria. 
160. Radiata ftom the Cretaceous formation ; a, Diploolcnium cordatuni 

b, Marsupilea; d, Galerites; e, Salenia; e Micraster con 

anguinum. 
167 Nummulite. 

163. : -apposed outline of Faleotherlum. 
169 Supposed outline of Anoplolherium. 
ITO Skeleton of the Mastodon, in the cabinet of Dr. J. C. ■Warren. 
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INTRODUCTION. 



Every art and science has a language of technical terme 
peculiar to itself. With those terms every student must 
make himself familiarly acquainted at the outset ; and, firsi 
of all, he will desire to know the names of the objects about 
which he is to be engaged. 

The names of objects in Natural History are double ; that 
B to say, they are composed of two terms. Thus, we speak 
of the white-bear, the black-bear, the hen-hawk, the sparrow- 
hawk ; or, in strictly scientific terms, we iiave Felis leo, (he 
Hon, Felis li^is, the tiger, felis catus, the cat, Canis ligms, 
the wolf, Canis vulpes, the fox, Canis /amiliarts, the dog, 
Ak. They are alwaj^ in the Latin form, and consequently 
the adjeclive name is placed last. The first is called the 
generic name ; the seccmd is called the trivial, or specific 
name. 

These two terms are inseparably associated in every 
object of which we treat. It is very important, therefore 
lo have a clear idea of what is meant by the terms genus and 
species ; and although the most common of all others, Ihey 
are not the easiest to be clearly understood. The Geaus is 
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rounded upon some uf the minor peculiarines of anat.micii. 
slnicture, such aa the number, disposition, or proportions 
of the teeth, claws, fins, &c., and usually includes several 
kinds. Thus, the lion, tiger, leopard, cat, &e., agree in the 
sfructure cf their feet, claws, and teeth, and they belong to 
the genus Felis ; while the dog, fox, jackal, wolf, &c,, have 
another and a different peculiarity of the feet, claws, and 
teeth, and are arranged in the genus Canis. 

The Species is founded upon less important distinctions, 
such as color, size, proportions, sculpture, &g. Thus we 
have different kinds, or species, of duck, different species 
of squirrel, different species of monkey, &c., varying from 
each other in some trivial circumstance, while those of each 
group agree in all their general structure. The specific 
name is the lowest term to which we descend, if we except 
certain peculiarities, generally induced by some modification 
of native habits, such as are seen in domestic animals. 
These are called varieties, and seldom endure beyond the 
causes which occasion them. 

Several genera which have certain trails in common are 
combined to form ^family. Thus, the alewives, herrings, 
shad, &c., form a family called ClupeidEe ; the crows, black- 
birds, jays, &c,, form the family Corvidas. Families are 
combined to form orrfers, and orders form classes, smA fina'ly, 
classes ate combined to form the four primary divisions or 
departments, of the Animal Kingdom. 

For each of these groups, whether larger or smaller, we 
involuntarily picture in our minds an image, made up of the 
trails which characterize the group. This ideal image is 
called a type, a term which there will be frequent occasion 
to employ in our general remarks on the Animal Kingdom. 
This image may correspond to some one member of the 
ip'oup i but it is rare that any one species embodies all our 
deas of the class, family, or genus to which it belongs. 
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Thus, we have a general idea of a bird ; but this idea does 
not correspond to any particular bird, or any particulai 
character of a bird. It is not precisely an ostrich, an owl, 
a hen, or a sparrow ; it is not because it has wings, or 
feathers, or two legs ; or because it has the power of flight, 
or builds nests. Any, or all, of these characters would not 
fully represent our idea of a bird ; and yet every one ha9 a 
distinct ideal notion of a bird, a fish, a quadruped, &c. It is 
common, however, to speak of the .animal which embodies 
most fully the characters of a group, as the type of that 
group. Thus we might, perhaps, regard an eagle as the 
type of a bird, the duck as the type of a swimming-bird, and 
the mallard as the type of a duck, and so on. 

As we must necessarily make frequent allusions to ani- 
mals, with reference to their systematic arrangement, it seems 
requisite to give a sketch of their classification in as popular 
terms as may be, before entering fully upon that subject, and 
with particular reference to the diagram fronting the title- 
page. 

The Animal Kingdom consists of four great divisions, 
which we call Departments, namely : 

I. The department of Vertebrates. 
11. The department of Articulatea. 
m. The department of Mollusks. 
IV. The department of Radiates. 

1. The department of Vebtebsates includes all animals 
which have an internal skeleton, with a hack-bone for its 
axis. It is divided into four classes : 

1. Mammals, (animals which nurse their young.) 
a. Birds. 
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The class of Mammals is subdivided mto ihree orders ! 
a Beasts of prey, (Carntoora.) 
6 Those which feed on vegetables, {HerMvora.) 
c. Animals of the whale kind, {Cetaceans.) 

Tho class of Birds is divided inio four orders, namely, 

a. Perching Birds, (Insessores.) 

b. Climbers, (Sconsores.) 

c. Waders, (Grallatores.) 

d. Swimmers, {Natatorea.) 

The class of Reptiles is divided into five orders : 

a. Large reptiles with hollow teelh, most of which a.m 

now extinct, {Rhtzodimts.) 
h. Lizards, (ZiacerfMin^.) 

e. Sa^ss, {Ophidians.) 

d. Turtles, (CAefojiMm.) 

e. Frogs and Salamanders, {BtdraeMans.) 

The class of Pishes is divided Into four orders : 

a. Those with enamelled scales, like the gar-pike, 

{Ganoids^ fig. 157, c. 
h. Those with the skin like shagreen, as the sharks and 

skates, {Flacoids.) 
c Those which have the edge of the scales toothea, 

and usually with some bony rays to th" nns, as tho 

perch, (Ctenoids.) 
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d. Those wliose scales are entire, i nd whose fin rays 

are soft, Uke the salmon, {Cychids.) 

n. Department of Articulates. Animals whose body is 
composed of rings or joints. It embraces three classes: 
1. Insects. 

3. Crustaceans, like the crab, lobster, &c. 
3. Worms. 

The class of Insects includes three orders : 

a. Those with a trunk for sucking fluids, like the butter- 
fly, {Sucioria,) fig. 62-64. 
h. Those which have jaws for dividing their food, {Mait- 
ducata,) flg. 60. 

e. rhose destitute of wings, like spiders, Beas, millipedes 

&c., (Aplera.) 

The class CansTACEANS may be divided as follows : 
a. Those furnished with a shield, like the crab and lob- 
ster, (Malacostraea.) 
h. Such as are not thus protected, (Entoinostraca.') 
e. An extinct race, intermediate between these two, 
( TriloUtes,) fig. 156. 

The class of Wobms comprises three orders : 

a. Those which h^ve (hread-like gills about the head, 

( Tubulibranchiatei.) 

b. Those whose gills are placed along the sides, {^Dor- 

sihrcmchiates.) 
a . Those who have no extnrior gills, like the earth-wonn 
(AhrancHates^ and also the Intestinal Worms. 
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III. The department of Mollcsks is dividea into I'lTwc 
classes, namely : 

1. Those which have arms about the mouth, like the 

cuttle-fish, (Cephalopoda^ fig. 47. 

2. Those which creep on a flattened disk or foot, like 

snails, (Gasteropods,) fig. 88. 

3. Those which have no distinct head, and are inclosed 

in a bivalve shell, like the clams, {Acephals.) 

The Cephalopods may be divided into 

a. The cuttle-fishes, properly so called, {TeMhideans,) 
fig. 47. 

h. Those having a shell, divided hy sinuous partitions 
into numerous chambers, (Ammonites,) fig. 164, 

e. Those having a chambered shell with simple par- 
titions, (Nautihis.) 

The Gastekopods contain four orders : 

a. The land snails which breathe air, {Pulmonates.) 

b. The aquatic snails which breathe water, (SrortcA- 

ifers,) fig. 88. 

e. Those which have wing-like appendages about the 
head, for swimming, (Pteropods.) 

d. A still lower form allied to the Polyps by their gen- 
eral appearance, (R/mopods or Foraminifera.) 

The class of Acephals contains three orders : 
a. Those having shells of two valves, (bivalves,) like the 

clam and oj^ler, {LamelUbranchiates.) 
6, Those having two unequal valves, and furnished wiA 

peculiar arms, (Braehiopods.) 
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c. Mollusks living m chains or clusters, like the Salpa, lig. 
135 ; or upon plant-like stems, like Flustra, (Bryo- 

IV. The department of Radiates is divided into threo 
passes: 

1. Sea-urchins, bearing spines upon the surface, [Echitf 

oderms,) figs. 12, 26. 

2. Jelly-fishes, {Acalephs,) fig. 31. 

3. Polyps, fixed like plants, and with a series of flexible 

arms around the mouth, figs. 48, 77, 143. 

The EcHiNODERMs are divided into four orders : 

a. Sea-slugs, like biche-le-mar, (Holotkurians.) 

b. Sea-urchins, {Echitii,) fig. 26. 

c. Free star-fiahes, {Asteridte,) fig. 17. 

d. Star-fishes mostly attached by a stem, {Crininds,) 

figs. 150, 151. 

The AcALBPHs include the following orders : 

a. Those furnished with vibrating hairs, by which they 

move, (Ctenophori^.) 

b. The Medusffi, or common jelly-fishes, {IHscopkora,) 

figs. 31, 142. 

c. Those provided with aeriai vesicles, [SiphoJiophom.) 

The class of Polvps includes two orders. 

a. The ao-called fresh-water polyps, and similar niartne 

forms, with lobed tentacles, {Hgdroids,) fig, 143. 
i. Common polyps, like the sea-anemono and coral 

polyp, (Aclinoids,) fig. 48. 

In addition to these, there are numberless kinds of micro 
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scopiu anitnalcules, commonty united under ihe naUke of 
infuaory animals, (Infusoria,) from their being fouod specially 
abundant in water infused with vegetable matter. These 
minute beings do not, however, constitute a natural group in 
ihe Animal Kingdom. Indeed, a great many that were for- 
merly supposed to be animals are now foi^nd lo be vegetables. 
Others are ascertained lo be crustaceans, mollualis, worms 
of microscopic size, or the earliest stages of development ot 
lai^er species. In general, however, they are exceedingly 
minute, and exhibit the simplest forms of animal life, and 
are now grouped together, under the title of Protozoa. Bui, 
as they are still very imperfectly understood, notwithstand- 
ing the beautiful researches already published on this sub- 
ject, and as many of them are likely to be finally distributed 
among vegetables, and the legitimate classes in ihe Animal 
Kingdom to which they belong, we have not assigned any 
q>ecial place for thorn. 
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PHYSIOLOGICAL ZOOLOGY 



CHAPTER FIRST. 



1. ZooLo&Y is that department of Natural History w'tiy^'- 
relates to animals 

2. To enumera,te and nnme the animals which are found 
on the globe, to describe their forms, and investigate their 
habits and modes of life, are the principal, but by no means 
the only objects of this science. Animals are worthy of our 
regard, not merely when considered as to the variety and ele- 
gance of their forms, or their adaptation to the supply of our 
wants ; but the Animal Kingdom, as a whole, has a still 
higher signification. It is the exhibition of the divine thought, 
as carried out in one department of that grand whole which 
s»s call Nature ; and considered as such, it teaches us mos', 
.tnportant lessons. 

3. Man, in virtue of his twofold constitution, the spiritual 
and the material, is qualified to comprehend Nature. 

3 
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Being maile n the spintual image ol God, he is Dompe.ent lo 
rise to the conception of His plan and purpose in the works 
of Creadon Having also a matenal body, like that of 
other animils, he is alao m a condition to understand the 
mechanism of organi, and to appreciate the necessities of 
maltei, as well as the influence which it exerts over the in- 
tellectual element throughout the domiin of Nature. 

4 The spirit and preparation we bring lo the study of 
Nature, IS a matter of no little consequence When we wou'.d 
studv with profit a work of literature, we first endeavor lo 
make ourselves acquainted with the genius of the author; 
and in order to know what end he had in view, we must 
have regard to his previous labors, and to the circumstances 
under which the work was executed. Without this, although 
we may perhaps enjoy its perfection as a whole, and ad- 
mire the beauty of its details, yet the spirit which pervades 
it will escape us, and many passages may even remain uti- 
iDlelligibie. 

5. So, in the study of Nature, we may be astonished at 
the infinite variety of her products ; we may even study 
some portion of her works with enthusiasm, and neverthe- 
less remain strangers lo the spirit of the whole, ignorant of 
the plan on which it is based, and fail to acquire a proper 
conception of the varied affinities which combine beings 
together, so as fo make of them tliat vast picture in which 
each animal, each plant, each group, each class, has its 
place, and from which nothing could bo removed without 
destioying the proper meaning of the whole. 

6. Besides the beings which inhabit the earth at the pres- 
ent lime, this picture also embraces the extinct races which 
are now known to us by their fossil remains only. And 
these are of the greatest importance, since they furnish us 
with the means of ascertaining the changes and modifica- 
tions which L'le Animal Kingdom has undergene iti the suc- 
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aeanivei creations, since the first appearance of living 
beings. 

7. h is but a short linse since it was not difficult for a 
man lo possess himself of the whole domain of posilivtj 
knowledge in Zoology. A century ago, the number of 
koown animals did not exceed 8000 ; that is to say, from 
the whole Anitna! Kingdom, fewer species were then 
kiiowQ than are now contained in many private collections 
of certain families of insects merely. At the present 
day, the number of living species which have been satisfac- 
torily made out and described, is more than 50,000.* The 
fossils already described exceed 6000 species ; and if we 

• The mimber of Tertebtate animala may be eatimatea at 20,000 
About 1600 species of mammals are pretty preoiaelyliiiown, and the num- 
ber may probably be carried to about 2000. 

The number of Birds well known is 4 or 6000 species, and the probable 
number is 6000. 

The Reptiles number about the aame as the Mammals, 1500 described 
species, and they will probably reach the number of 2000. 

The Fishes ore mors numerous : there are from S tn.6000 species in the 
museums of Europe, and the number may probably amoant to 8 or 10,000. 

The Onmber of Mollusks already in collections probably reaches 8 or 
10,000. There are collections of msrine shells, bivalve and univalve, which 

count as many as 2O00. The total number of molluaks would, therefore, 
probably exceed IS.OOO species. 

Among the articulated animals it is difficult to estimate the number of 
species. There are collections of eoleoptetoua inaeots which number 20 lo 
ZS.OOO species ; and it is quite probable, that by aniting the principal e3\ 
lections of insects, 60 or 80,000 species might now be counted ; kr the 
whole department of articulala, comprising the Crustacea, the oirrhipeda, 
the insects, the red-blooded woroia, the intestinal worms, and the infuso- 
ria so far as they belong M this department, the number would already 
amount to 100,000 ; and we might safely compute the probable number of 
species actually existing at double that sum. 

Add to these about 10,000 for radiata, inclnding echini, star-flshea, me- 
dusie, and.polypi, and we base about 250,000 species of living animids; and 
supposing the number of fossil species only to equFil them, we hive, at » 
cety moderate computation, half a million of anecies. 
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will far exceed the living species.* 

8. These numbers, far from discouraging, should, on the 
contrary, encourage those who study Natural History. 
Each new speciea is, in some respects, a radiating point 
which throws additional light on al! around it ; so that, aa 
Ihe picture is enlarged, it at the same timn becomes more 
ntelligible to those who are competent to seize its promi- 
lent traits. 

9. To give a detailed account of each and all of these 
animals, and to show their relations to each other, is the 
task of the Naturalist. The number and extent of the vol- 
umes already published upon the various departments of 
Natural History show, that only a mere outline of a domain 
so vast could be fully sltetched ia an elementary work, and 
that none but those who make it their special study can be 
expected to survey its individual parts. 

10. Every well-educated person, however, is expected to 
have a general acquaintance with the great natural phe- 
nomena constantly displayed before his eyes. There is a 
general knowledge of man and the subordinate animals; 
embracing their structure, races, habits, distribution, mutual 
relations, &c., which is not only calculated to conduce es- 

• In a separate work, entitled " Nomeaclatof ZoSlogiem," by L. AOAS- 
ara, the ptinejplee of nomeneliiture are discussed, and d. list of the names 
of genera and families proposed by authors is giTea. To thia work those 
are referred who may desire to become more faitiliar witji nomene!a(ure, 
juid*takriiwin detail the genera and families in each class cf the Animu} 
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senlialiy lo our happine??. but which it would be ijuito inex- 
cusable to Qoglect Thi'. geneial view of Zoology, 't is the 
purpose of this work to afford 

11, A sketch of this nature should lend^r prominent the 
more general features of animil life, and delineate the ar- 
rangement of the specie? according lo their most natural 
relations and thpir rank in the scale of being ; thus giving 
a panorama, as it were, of the entire Animal Kingdom 
Vo ao;omplish this, we aie at once involved in the question. 
What is it that gives an animal precedence in rank ? 

13. In one sense, all animals are equally perfect. Each 
pecies has its definite sphere of action, whether more or 
less extended, — its own peculiar office in the economy of 
nature ; and a complete adaptation to fulfil all the purposes 
of its creation, beyond the possibility of improvement In 
this sense, every animal is perfect. But theie is a wide 
difference among them, in respect to their orgunization In 
some it is very simple, and very Hmited in ite operition , in 
olhers, extremely complicated, and capable of exor^-ising a 
great variety of functions. 

13. In this physiological point of view, an animal may be 
sadlbm pft ppt trel with 
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ulty ot perceiving light, without the power of distingiiisliing 
objects. The keen eye of the bird, on the contrary, dis- 
cerns minute objects at a great distance, and when compared 
with the eye of a fly, is found lo be not only more perfect, 
but consiructed on an entirely different plan. It is the 
same with every other organ. 

15. We understand the faculties of animals, and appre« 
ciate their value, just in proportion as we become acquainted 
with the instruments which execute them. The study of 
the functions or uses of organs, therefore, requires an exam- 
ination of their structure ; they must never be disjoined, 
and must precede the systematic distribution of animals into 
classes, families, genera, and species. 

16. In this general view of organization, we must ever 
bear in mind the necessity of carefully distinguishing be- 
tween canities and analogies, a fundamental principle re- 
cognized even by Aristotle, the founder of scientific Zoology. 
J^nity or luimology is the relation between organs or parte 
of the body which are constructed on the same plan, how- 
ever much they vary in form, or even serve for very dif- 
ferent uses. Analogy, on the contrary, indicates the simi- 
larity of purposes or functions performed by orgacs of dif- 
ferent structure. 

17. Thus, there is an analogy between the wing of a bird 
and that of a butterfly, since both of them serve for Bight. 
But there is no affinity between them, since, as we shall 
hereafter see, they differ totally in their anatomical relations. 
On the other hand, there is an affinity between the bird's 
wing and the hand of a monkey ; since, although they serve 
for different purposes, the one for flight, and the other 
for climbing, they are both constructed on the same plan. 
Accordingly, the bird is more nearly allied to the monkey 
ihan to the butterfly, though they both have in common 
the faculty of flight. Affinities, and not analogies, therefore, 
must g'lide us in the arrangement of animals. 
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IB. Our investigations should not be liniited to iidiil 
luimals, but should also include the changes which they 
undergo during the whole course of their development 
Other V ie ve shall be liable to exaggerate the importance 
of cer a n pecul a ties of structure which have a predomi- 
nant cl arac er n the full-grown animal, but which are shaded 
off a d va sh, as ve revert to the earlier periods of life. 

19 T^hu for example, by regarding only adult individu- 
ala ve m ght be induced fo divide all animals into two 



groups, according to their mode of respiration ; 
the one hand, all those which breathe by gills, 
other, those which breathe by lungs. But tbi 
loses its importance, when we consider that van 
for example, frogs, which respire by lungs 
state, have only gills when young. It is thence 
the respiratory organs cannot be taken as a sa' 
basis of our fundamental classification. They an 
shall see, subordinate to a more important system, 
the 
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20. Again, ' 
grade of a 
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e have a means of appreciating the relative 
lals by the comparative study of their devei- 
3 evident that the caterpillar, in becoming a 
«s from a lower to a higher state. Clearly, 
therefore, animals resembling the caterpillar, the worms, for 
instance, must occupy a lower rank than those approaching 
the butterfly, like most insects. There is no animal which 
does not undergo a series of changes similar to those of L'le 
caterpillar or the chicken ; only, in many of them, the most 
important ones occur before birth, during what is called the 
embryonic period. 

21. The Ufe of the chicken hasnot jusi commenced when 
iti^ues from the egg ; for if we break the egg some days 
previous to the lime of hatching, we find In it a living ani- 
mal, which, although imperfect, is nevertheless a chicken ■ 
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it lias been developed from a hen's egg, and we know tlial, 
should it continue to live, it would infallibly display all tho 
characteristics of the parent bird. Now, if there existed in 
Nature an adult bird as imperfectly organized as the chicken 
on the day, or the day before it was hatched, we should 
assign to it an inferior rank. 

22. In studying the embryonic states of the mollusks or 
w orms, iije observe in them points of resemblance* to many 
animals of a lower grade, to which they at length be- 
convj entirely dissimilar. For example, the myriads of 
minute aquatic animals embraced under the name of Infu- 
soria, generally very simple in their organization, remind 
lis of the embryonic forms of other animals. We shall have 
occasion to show that the Infusoria are not to be considered 
as a distinct class of animals, but that among ihem are found 
members of all the lower classes of animals, mollusks, 
crustaceans, worms, &c. ; and many of them are even found 
to belong to the Vegetable Kingdom. 

23. Not less striking are the relations that exist between 
animals and the regions they inhabit. Every animal has its 
home. Animals of the cold regions are not the same as 
those of temperate climates ; and these latter, in thei'- turn, 
differ from those of op ca e„ ons Ce a n o o e » 1 
maintain it to be e effec of a e ie h he onkeys 
the most perfe oi a b u e an ma s a e fou d on y n ho 
countries; or by chance ne e y he wh e bea and 
reindeer inhab o y co d e o s 

24. Nor is by ch e a mos of e a a s 
of every class he wha es he aqua cbd tJeeau es 
the crocodiles de henae ale ao e and 
And while Ihe e affords f eedom of mo o o e a ges 
it is also the ho of he sma es of n be n s a ow 
ing a degree of berty o he o on wh ch hey cou d not 
enjoy elsewhere. 
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25. Nor are jur researchef to be limited to the animaJa 
now living. There are buried in tlie crust of tlie eartli the 
remains of a great number of animals belonging to species 
which do not esist at the present day. Many of these 
remains present forms so extraordinary that it is almost im- 
possible to trace their alliance with any animal now 
living. In general, they bear a striking analogy to the em- 
bryonic forms of existing species. For example, the curi- 
ous fossils known under the name of Trilobites (Fig. 156) 
have a shape so singular that it naight well be doubted to 
what group of articulated animals they belong. But if wo 
compare them with the embryo crab, we find so remarkable 
a resemblance' that we do not hesitate to refer them to the 
crustaceans. We shall also see tha, some of the Fishes 
of ancient epochs present shapes altogether peculiar to them- 
selves, (Fig. 157,) but resembling, in a striking manner, the 
embryonic forms of our common fishes. A determination 
of the successive appearance of animals in the order o£lime 
is, therefore, of much importance in assisting to decide the 
relative rank of animals. 

26. Besides the distinctions to be derived from the varied 
structure of organs, there are others less subject to rigid 
analysis, but no less decisive, to be drawn from the imma- 
terial principle with which every animal is endowed. It is 
this which deteniiines the constancy of species from genera- 
tion to generation, and which is the source of all the varied 
exhibitions of instinct and intelligence which we see dis- 
played, from the simple impulse to receive the food which is 
brought within their reach, as observed in the polyps, through 
the higher manifestations, in the cunning fox, the sagacious 
elephant, the faithful dog, to the exalted intellect of man. 
which is capable of indefinite expansion. 

27. Such are some of the general aspects in which we 
are to contemplate the animal creation. Two points <if 
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infinitely wise, vegjlatlog Nature according t 
bive, which He has himself imposed on her. 
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CHAPTER SECOND. 

GENERAL PROPERTIES OF ORGANIZKD liODIBS 



OBGAKIZEO AND UNORGANIZED BODIES. 

30, Natural Histoky, in its broadest sense, embraces 
ihe study of all the bodies which compose the crust oi' the 
earth, or which are dispersed over its surface. 

31. These bodies may be divided into two great groups ; 
inorgai ' b d' ( ' 1 d k ) d 1' ' 

ized bo g ) T 



motion, 
change 

cmirar 
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Ihe tree, '!ie Hood flows through the animal, and in boih 
there is, besides, the incessant movement of growth, decom 
position, and renovation. 

33. Their mode of formation is also entirely different- 
Unorganized bodies are either simple or made up of ele* 
nietits unlike themselves; and when a mineral is en- 
larged, it is simply by the outward addition of particles 
constituted like Itself, Organized bodies are not formed 
m this manner. They always, and necessarily, are derived 
from beings similar to themselves ; and once formed, they 
always increase, interstltially, by the successive assimilation 
of new particles, derived from various sources. 

34. Finally, organized bodies are limited in their duration. 
Animals and plants are constantly losing some of their parts 
by decomposition during life, which at length cease to be 
supplied, and tHey die, after having lived for a longer or 
shorter period. Inorganic bodies, on the contrary, contain 
within themselves no principle of destruction ; and unless 
subjected to some foreign influence, a crystal or a rock woula 
never change. The limestone and granite of o 
remain just as they were formed in ancient \ 
epochs; while numberless generations of. plants and i 
mats have lived and perished upon their surface. 



SECTION n. 



STRUCTURE OF ORGANIZED BODIES. 



35. The exercise of the functions of life, which is tho 
essential characteristic of organized bodies, (32,) requires a 
degree of flexibility of the organs. This is secured by 
means of a certain quantity of waierv fluid, which penn 
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(rates all jiarta of the bocfjr, and Ibfma one of .lS princ.pal 
oonstiiuenfs. 

36. All living bodies, without exception, are made up of 
tissues so constructed as to be permeable to Hqaida. There 
is no part of the body, no organ, however hard and compact 
it may appear, which has not this peculiar structure. It ex- 
ists in the bones of animals, as well as in their flesh and fat ; 
in the wood, however solid, as well as in the bark and flowers 
of plants. It is to this genera! structure that the tern or- 
ganism is now applied. Hence the collective name of 
organi:ied beings,^ which includes both the animal and the 
vegetable kingdoms. 

37. The vegetable tissues and most of the organic struc- 
tures, when examined by the microscope 
in their early states of growth, are found 
to be composed of hollow vesicles or cells. 
The natural form of the cells is that of a 
sphere or of an ellipsoid, as may be easily 
Been in many plants ; for example, in 
tissue of the house-leek, (Fig, 1.) '. 
intervals which sometimes separate them Fig- 1. 
from each other are called intercellular passages or spaces 
(m.) When the cellules are very numerous, and crowd 
each other, their outlines become angular, and the intercel- 
lular spaces disappear, as seen in figure 3, which r 



* Formerly, animals and plants were said ta he&rffamzed, because they 
am furnished with definite parts, called organs, -wliicli execute paiticular 
fnneljons. Thus, iinimals na'" a stomach, a heart, lungs, &n ; plants 
nave leaTea, petals, stamens, pistils, roots, So., which are indispensahle 
ti> the maintenance of life and the perpetua^on of the species. Since 
the diBooterJ of the fundamental identity of structure of animal and 
Tsgetalile tissues, a common denomination for this uniformity of tejituie 
has oeeQ justly preferred; and the existence of tissue s is now regarded 
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the pith of the eJder. They then 
have the form of a honey-comb ; 
whence they have derived their . 
name of cellules. 

38. All the organic tissues, whether 
animal or vegeiable, originate from 
cella. The ceil is to the organ- 
ized Iwdy what the primary form of thp crystal i: 
secondary^ in minerals. 
, th t ■ 




As a general fact, it muy be staled 
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p od t mp LI by h I t am 

ination, to detect their original cellular structure. 

40. Several kinds of tissues have been designated in the 
animal structure ; bat their differences are not always well 
marked, and they pass into each other by insensible shades. 
Their modifications are still the subject of investigation, and 
we refer only to the most important distinctions. 

41. The areolar tissue consists of a network of delicate 
fibres, intricately interwoven so as to leave numberless 
commuaicating interstices, filled with fluid. It is inter, 
posed in layers of various thickness, between all parts of 
the body, and frequently accompanied by clusters of fal 
cMs. The fi'— ous and the serous membranes are mere 
nii.lificiiTiojis of this tissue. 

I'i 'I'lio ••oriilaginous tissue is composed of Micleated 
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oeils, the Intef^ellubr spaces being filled with a nn 
pact substance, called the hyaline matter. Figuie 
sents a slip of cartilage from the horse, under 
a magnifying power of one hnadved and. twen- 
ty diameters. 

43. The osseous or bonif tissue differs from 
the cartilaginous tissue, in having its meshes 
filled with saltsof lime, instead of byalint 
stance, whence its compact and solid appear- 
aacQ. It contains, besides, minute, rounded, 
or star-like points, improperly called bone- 
oorpuscles, which are found to be cavities c 
canals, sometimes radiated and branched, as 
is seen in figure 5, representing a section of a 
bone of a horse, magnified four hundred times. 

44. The museular tissue, which forms the 
inals, is composed of bundles of parallel fibres, which pos- 
sess the peculiar property of contracting or shortening them- 
selves, under the influence of the nerves. In the muscles 
under the control of the will, the fibres are commonly 
crossed by very fine lines or wrinkles ; but not so in the 
involuntary muscles. Every one is sufiiciently familiar with 
this tissue, in the form of lean meat. 

45. The nervous tissue is of different kinds. In the 

nerves proper, it is composed of 

very delicate fibres, which return 

back at their extremities, and 

form loops, as shown in figure 6, 

representing nervous threads as 

they terminate in the skin of a 

frog. The same fibrous structure 

is found in the white portion of the brain. Bu' 

the gray substance of the brain is composed of 
very minute granulations, interspersed with cluster.^ of larger 
cells, as seen in figure 1. 
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46. The tissues above enumerated differ from each othfci 
more wideiy, in proportion as they are examined in animals 
of a higher rank. As we descend in the scale of being, 
tlie ditferecces become gradually effaced. The soft body 
of a snail is much more uniform in its composition tlian 
the body of a bird or a quadruped. Indeed, multitudes 
of animals are known to be made up of nothing but cells 
in contact with each other. Such is the case with the 
polyps ; yet they contract, secrete, absorb, and repro. 
duce ; and most of the Infusoria move freely, by means of 
little fringes on their surfacb, arising from a peculiar kind 
of cells. 

47. A no less remarkable uniformity of structuie is to be 
observed in the higher animals, in the eirlier periods of 
their existence, before the body has -riived at it"; definite 
form. The head of the adult salr.on, for instance, con- 
Inins not only all the tissues we ha^e mentioned, namely, 

bone, cartilage, muscle, nerve, brain, 
and membranes, but also bloodves- 
sels, glands, pigments, &^ Let 
us, however, examine I duiing the 
embryonic state, while it is yet m 
Fig. 8. the egg, and we lind that the whole 

head is made up of cells which differ meiely in thbir dimen- 
6iODs; those at the top of the head bemgier^ small, those sur- 
rounding the eye a little larger, and those benedlh being >!till 
larger, (Fig. 8.) It is only at a later penod, after stdl turther 
development, that these cellules bfccme iraistormed, some 
of them into bone, others into blood, others into flesh, &c 

48. Again ; the growth of the body, the in'roduction of 
various tissues, the change of form and structure, proceed in 
such a manner as to give rise to ^veral cnvlties, variously 
combined among themselves, and each containing, at tlie 
end of these transformations, peculiar organs, or peculiar 
systems of organs. 
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SECTION III. 
BIFFEEENCES BETWEEN ANIMALS AND PLANTS. 

49. At first glance, nothing would seem more widely 
different than animals and plants. What is there, in com- 
mon, for inafance, between an oak or an elm, and the bird 
ivhii;h seeks shelter amid their foliage ? 

50. The differences are usually so obvious, that this 
question would be superiiuous if applied only to the higher 
forms of tbe two kingdoms. But this contrast diminishes, 
in proportion as their structure is simplified ; and as we 
descend to the lower forms, the distinctions are so few 
and so feebly characterized, that it becomes at length dif- 
ficult to pronounce whether the object we have before us is 
ao animal or a plant. Thus, tbe spoBges have so great a 
resemblance to some of the polypi, that they have generally 
been classed among animals, although in reality they be 
long to the vegetable kingdom. 

51. Animals and plants differ in the relative predomi- 
nance of the elements, oxygen, carbon, hydrogen and nitro- 
gen, of which they are composed. In vegetables, only a 
small proportion of nitrogen is found ; while it enters largely 
into the composition of the animal tissues. 

52. Another peculiarity of the Animal Kingdom is, the 
presence of large, distinctly limited cavities, usually intended 
for the lodgment of certain organs ; such is the skull and 
the chest in the higher animals, the cavity of the gills in 
fisliea, and of the abdomen, or general cavity of the body 
which exists in all animals, without exception, for tbe pur- 
pose of digestion, or the reception of the digestive organs. 

53. The well-defined and compact forms of the organs 
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lodgel: in these caYitles, is ft peculiarity belonging to animals 
only. In plants, the organs designed Tor special purposes 
are never embodied into one mass, but are distributed over 
various parts of the individual. Thus, the leaves, which 
answer to the lungs, instead of being condensed into one 
organ, are scattered independently in countless numbers over 
the branches. Nor is there any organ corresponding to the 
brain, the heart, the liver, or the stomach. 

54. Moreover, the presence of a proper digestive cavity 
involves marked diHerencea between the two kingdoms, in 
respect to alimentation or the use of food. In plants, the 
fluids absorbed by the roots are carried, through the trunk 
and al! the branches, to the whole plant, before they arrive 
at the leaves, where they are to be digested. In animals, 
on the contrary, the food is at once received into the digea- 
live cavity, where it is elaborated ; and it is only after it has 
been thus dissolved and prepared, that it is introduced into 
the other parts of the body. The food of animals consists 
of organized substances, while that of vegetables is derived 
from inorganic substances ; and they produce albumen- 
sugar, starch, &c., while animals consume them. 

55. Plants commence their development from a single 
point, the seed, and, in like manner, all animals- are devel- 
oped from the egg. But the animal germ is the result of 
successive transformations of the yolk, while nothing similar 
takes place in the plant. The subsequent development of 
individuals is for the most part different in the two kingdoms. 
No limit is usually placed to the increase of plants ; trees 
put out new branches and new roots as long as they live. 
Animals, on the contrary, generally have a limited size and 
figure ; and these once attained, the subsequent changes are 
accomplished without any increase of volume, or essential 
alteration of form ; while the appearance of most vegetables 
IB repealedlj modified, in a notable manner, by the develop 
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merit of new branches. Some of the lowest animals, how- 
ever, the polyps for instance, increase Jn a sonitiwhat analo- 
gous manner, (-J 329, 330.) 

56. In the effects they produce upon the air hy respira- 
tion, there is an important difference. Animals consume 
the oxygen, and give out carbonic acid gas, which is de- 
structive to animal life ; while plants, by respiration, which 
they in most instances perform by means of the leaves, 
reverse the process, and thus furnish oxygen, which is so 
essential to animals, if an animal he conltQed in a small 
portion of air, or water containing air, this soon becomps so 
vitiated by respiration, as to be untit to sustain life; but if 
living plants are enclosed with the animal at the same time, 
the air is maintained pure, and no difficulty is experienced. 
The practical effect of this compensation, in the economy of 
Nature, is obviously most important; vegetation restoring 
to the atmosphere what is consumed by animal respiration, 
combustion, &c., and vice versa. 

57. But there are two things which, more than all others, 
distinguish the animal from the plant, namely, the power of 
moving itself or Its parts at will, and the power of perceiv- 
ing other objects or their influences ; in other words, volvn- 
tary motion and sensatien. 

58. All animals are susceptible of undergoing pleasure 
and pain. Plants have also a certain sensibility. They 
wither and fade under a burning sun, or when deprived of 
moisture ; and they die when subjected to too great a de- 
gree of cold, or to the action of poisons But they have no 
consciousness of these influences, and suffer no pain ; while 
animals under similar circumstances suffer. Hence they 
have been called animate beings, in opposition to pl.iuts 
which are inanimate Beings, 
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CHAPTER THIRD. 

ytlNCTIONS AND ORGANS OF ANIMAL LIFE, 



or THE MEKVOtrS STSTEH AND GENERAL SENSATION. 

09. Life, in animals, ia manifested by two sorts of func- 
tions, viz.: First, the pacul'\ar functions of animal life, or 
those of relation, which include the functions of sensation 
and voluntary motion ; those which enable us to approach, 
and perceive our fellow beings and the objects about us, and 
m s / „ 
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61. (Jreatly as the form, the arrangemenl, and the vol- 
ame of the nervous system 
vary in different animals, 
they may all be reduced to 
four principal types, which 
correspond, moreover, to the 
four great departments of the ' 
Anima! Kingdom. In 
vertebrate- animals, namely, 
the fishes, reptiles, birds, and 
mammals, the nervous sys- 
tem is composed of two prin- 
cipal masses, the ^inal mar- 
row, {Fig. 9, c,) which runs 
along the back, and the 
Jrnin, contained within the 
skull." The volume of the 
brain is proportionally larger 
as the animal occupies a 
more elevated rank in the 
scale of being. Man, who 
stands at the head of Crea- 
tion, is in this respect also the 
most highly endowed being. P'S- ^■ 

62. Wiih the brain and spinal marrow are connected (he 
nerves, which are distributed, in the form of branching 
threads, through every part of the body. The branches 
which unite with the brain are twelve pairs, called ihe cere- 
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bral nerves, and are designed h 
aense located in the head. Th ae 
marrow are also in pairs, one p 
joint of the back. The number of p 
different classes and families, ac 
VertebriB. Each nerve is doubl 
of two threads, which at their ju 
rnw are separate, and afterward 
throughout their whole course. Tl 
mils the commands of the will I 
olSier receives and conveys impre 
duce sensations. 

63. In the Articulated anim I 



n t 

ries of small centres or swellings, called ganglions, (Fig. 10,) 
placed beneath the alimentary canal, on the floor of the gen- 
eral cavity of the body, and connected by threads ; and of a 
more considerable mass placed above the cesophagus or 
throat, connected with the lower gangl ons by tl reads which" 
form a collar around the alimentary ca al The number of 
ganglions generally corresponds to the n mber of rings, 
64. In the Molluslts, (Fig. 11,) the nervous system con. 
s 9 s of a s gle ganglionic 
circle, the principal swell- 
ings of which are placed 
symmetrically above and 
below the tesophagns, and 
from whence the filaments. 
Fig. II. wiiich supply the organs 

II differRnt directions, lake their origin. 




HnslcdhyGoOgIC 




Ni'RVOUS SYSTEM AND GENERAL SKNS<1TL0N. -17 

65. In the Radiata, (Fig. 12,) iho t 
duced to a mngie ring, encircling 
the mouth, and giving off threads 
towards the circumference. It dif- 
fers essimlially from that of the / 
Molliisks, by heiog disposed I 
horizoota! position, and by lis star- VI 
like form. 

66. The nerves branch off and 
diffuse sensioility to every portion 
of the body, and thereby men and F«- 13. 

the higher animals are enabled to gain 1 knowledge of the 
genera! properties of the objects which suj-round them ; every 
point of the body being made capable of duiermining whether 
an object is hot or cold, dry or moist, hard or soft, &c. . There 
are some parts, however, the end f h h g rs f 
pie, in which this sensibility is e p 111 d tb e 

also receive a larger supply of ner 

67. On the contrary, those pa ts 1 h d t I f 
sensibility, such as the feathers f b d h 1 f n ■ 
mals, or the hair of man, are lik d t t f es. 
But the conclusive proof that sens b 1 y d h a 
is, that when the nerve which suppl ^ m mb 1 the 
body is aeyered, that member at o h m hi 

68. There are animals in wh h th f 1 f p- 
lioQ is limited to Ibis general se b t 1 nb a 
small, and, in general, they occupy th ! w I tjie 
series. Most animals, in additicn h g 1 b 1 ty, 
are endowed with peculiar organs f ^^ t k d f p ■ 
ceptions, which are acted upon by k 1 1 t 1 , 
as light, sound and odor, and which are calVd the kgnses. 
These are five in number, namely: sight, Ae,T-in.?, smeH., 
taste, aad }uch, • 
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OF THE SPECIAL SENSES. 

1. OfS'gki. 

69. Sight is the sense by which ■\\g\,\ is pereetved, and 
by means of which the outlines, dirtiecisions, relative posi- 
tion, color and brilliancy of objects am discerned. Some 
of these properties may be also ascertained, though in a less 
perfect manner, by the sense of touch. We may obtain an 
idea of the size and shape of aa object, by handling it; but 
the properties that have a relation to light, such as color and 
brilliancy, and also the form and size of bodies that are be- 
yond our reach, can be recognized by sight only, 

70. The EYE is the. organ of vision. The number, struc- 
ture, and position of the eyea in the body is considerably 
varied in the different classes. But whatever may be their 
position, these organs in all the higher animals are in connec- 
tion with particular nerves, called the optic nefues, (Fig. 13, 
a.) In the vertebrates, these are the second pair of the cer- 
ebral nerves, and arise directly from the middle mass of the 
brain, {Fig. 31, b,) which, in the embryo, is the most con- 
fnderable of all. 

71. Throughout the whole series of vertebrate animals 
the eyes are only two in num- 
ber, and occupy bony cavities 
of the slivill, called the orbits. 
The organ is a globe or hoUow 
sphere formed by three princi- 
pal membranes, enclosed one 
within the other, and filled with 
transparent matter. Figure 13 
represents a vertical section 
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through the eye, from before backwards, and will give an 
idea of the relative posilioQ of these different parts. 

72. The outer coat is called the sclerotic, {b ;) it is a 
thick, firm, white membrane, having its anterior portion 
transparent, Th'S transparent segment, which seems set iii 
the opaque portion, like a watch-glass in its- rim, is called the 
cornea, (/.} 

73. The itiside of the sclerotic is lined by a thin, dark- 
colored membrane, the choroid, (c.) It becomes detached 
from the sclerotic when it reaches the edge of the cornea, 
and forms a curtain behind it. This curtain gives to the eye 
its peculiar color, and is called the iris, [g.) The iris read- 
ily contracts and dilates, so as to eniaige or diminish an open- 
ing at Its centre, the pupil, according as more or le'Js light 
IS desned Sometimes the pupd is circular, as in man, the 
dog, the monkey , sometimes in tlie form of a vertical ellipse, 
as in the ^-at , or it is elongated sidewise as in the sheep 

74 The th rd membrane is the retina, {d ) It is formed 
by the optic nene, wh ch enters the back part of the eje, by 
an opening through both the sclerotic anJ chorod coats and 
exp-inds upon the interior into a whitish and most dehcate 
membrane It is upon the retina that the imigei of jh]ects 
are rece led, and prrd ice impressions, which are convejed 
by the nerve to the brain 

75. The fluids which occupy the cavity of the eye are of 
different densities. Behind, and directly opposite to the pupil, 
is placed a spheroidal body, called the crystalline lens, (e.) 
It is tolerably firm, perfectly transparent, and composed of 
layers of unequal density, the interior being always more 
compact than the exterior. Its form varies in different classes 
of animals. In general, it is more convex in aquatic than in 
land animals ; whilst with the cornea it is directly the con- 
trary, being flat in the former, and convex in the latter. 

76. By means of the iris, the cavity, (i,) in front of the crys- 
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tall ine lens ia divided inlo two companments, called .he an 
ierior and posterior chancers. The fluid which f. is tneau 
chambers is a clear watery liquid, called the aqueous humor 
The portion of the globe behind the lens, which is much the 
largest, is filled by a gelatinous liquid, perfectly transparent, 
like that of the chambers, but somewhat more dense. Tn;s 
is called the vitreous humor, (A.) 

77. The object of this apparatus is to receive the rays of 
light, which diverge from all points of bodies placed before 
it, and to bring them again to a point upon the retina. It is 
a well-kDowo fact, that when a ray of light passes obliquely 
from one medium to another of different density,- it will be 
refracted or turned out of its course more or '-"is, according 
to the difference of this density, and the obliquity at which 
the ray strikes the surface. This may be illustrated by tlie 
following figure, (Fig. 14.) 



Fis. U. 
The ray a c, which striltes the cornea A B perpendicularly, 
continues without deviation, undl it reaches the bottom ol 
the eye at c. But the rays a m and an, which strike the eye 
obliquely, change their direction, and instead of proceeding 
onward to m g and n d, take the direction m i and n f A 
still further refraction, though less considerable, is occasioned 
by passing through the crystalline lens C D, and the vitreous 
humo.', so that the two rays, m i and nf, will at last meet in 
» point. This point is called tie focus, (c,) and in distinc 
vision is always precisely at the retina, E F. 

7S. From this urrangemenl, the image found upon the 
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of the instrument, behind a magnifying lens. The s 
represents the retina; the dark walls of the 
represent the choroid ; and the cornea, the crystall'ine lena 
and the vitreous humor combined, are represented by tlie 
magnifying lens. But there is this important difference, that 
Ijie eye has the power of changing its form, and of adapt- 
ing itself so as to discern with equal precision very remote, 
as well as very near, objects. 

80. By means of muscles which are attached to t]ie hall, 
the eyes may be rolled in every direction, so as to view ob- 
jects on all sides, without moving the head. The eyes are 
usually protected by lids, which are two in the mammals, 
and generally furnished with a range of hairs at their edges, 
called eye-lashes. Birds have a third lid, which is ^■er[icalJ 
this is also found in most of the reptiles and a few man... 
mals. In fishes, the lids are wanting, or immovable. 

81. The eye constructed as above described is called a 
simple eye, and belongs more especially to the vertebrate 
animals. In man, it arrives at its highest perfection. In 
bim, the eye also performs a more exalted office tian mere 
.■ision. It is a mirror, in which the inner man is reflected. 
}Iis passions, his joys, and his 
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revfalcd with ihe ulmo^t fidelity, m 
eve, and it has been lightly called 



the 1 






83 Many of the inveitebrate animals have the eye 
constructed upon the same plan as that of the vertebrate 
animals, but with this essential differf-nce (hil the opiic 
nerve which lorms the letma la not denied from a tier 
vons centre, analogous to the brain but arises fiom one 
of the ganglions Thus the eje of the cuttle fish contains 
all the essential part'^ of the eye of the supeiioi animals, 
and, what is no less important, thev are only two in number, 
placed upon the sides of the head 

83 The snail and kindred animals have, in like manner, 
only two eyes, mounted on the tip 
1 Ijng stalk, (the ttntacle ) or 
situated at ifs base, or on a shoit 
I pedestal by its side Their struc 
i m less peifect than in the cuttle- 
Fig. 16. fish, b 11 h ry 1! 1 
and more or less distinct tr f h b dy S ra 
bivalve mollusks, the scoll p f pi h Ik 
a crystalline lens, but instead f y h j J m I d 
with numerous cye-spota, wh h g d 1 k b d 
around the lower margin of 1 1 



84. In s 
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f h b k All 1 
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•,i- , the crystalline lens, the vitreous body, 



re found m 
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hem, anl evpn the cliiro 1 which [ii SLiit^ its If n tU 
form of a bWk imt, iiound the crystalline Itiib M iny in 
sects, in theif caterpillar stale, al* have simple ejes 

85 Rudiments of ejcs havt, been obsencd m very 
many of the worms They geaerallj ippeir as amill 
bl ick spots on the tead, such as are seen on ihe head 
jf lh Leech, thi Plinaiia and the Neie s In the->e Htter 
ainmils there ire foui s["oti According to Mullor, thej 
are small bodie-i, rounded behind, and flattened m front, 
composed of a black, cup shaped membrane ctntamng a 
small white, opaque body, «hich seems to be a coiitinuatjoi 
of the optic nerve It cannot be doubted, therefoie, that 
these aie ejes, but is they lack the optical apparatus 
which prcduces images, ne must suppose that they i 
only receive i general impiessiooof It^ht without the po«ei 
of disceinmg objects 

S6 Eye spots, very similar 
lo those of the Nereis, 
found at the extremity of the 
rays of some oi the stir fishes, 
in the sea urchins at 
gm of manv Medusa 
some Polypi Ehrcnberg has 
shown that similar &pots also 
etist in a large number of the 
Infusoria r „ 17 

87 In all the above mentioned animils, the eves what 
eier their number, are apart from each other But therp is 
still anothei type of simple eyes, known as aggiegale tyt. 
ill some of the millipedes, the pill bugs, for instance, the eyes 
are collected into groups, hke those of spidfrs, each eye 
inclosing a crjstalhne Lens and a vitreous body, surrounded 
by a letina and choroid "^uth eves consequently foira » 



aooflt^ht without the po«er 

1 ^^^^^^^k 
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natural tiansltioti to the compound eyes of insects, to which 
we now give our ittention. 

88. Compouna eyes have the same general form as 
simple eyes ; tiiey are placed either on the sides of the huad, 
is in insects, or supported on pedestals, as in the crabs. 
But if we examine an eye of this kind by a magnifying lens, 
we find its surface to he composed of an infinite number of 
angulnr, usually six-sided faces. If these fajettes are re- 
moved, we find beneath a corresponding number of cones, (c,) 
side by side, five or six times as long as they are broad, 
and arranged like rays around the optic nerve, from 
which each one receives a little filament, so as to 
present, according to Miiller, the following disposition. 
{Fig, 18.) The cones are per- 
fectly transparent, but sepa- 
rated from each other by 
walls of pigment, in such a 
manner that only those rays 
which are parallel to the 
axes can reach the retina A ; 
all those which enter ob- 
liquely are lost ; so that of 
^'S' 18. all the rays which proceed 

from the points a and S, only the central ones in each 
pencil will act upoa the optic nerve, {d ;) the others will 
strike against the walls of the cones. To compensate 
for the disadvantage of such an arrangement, and for tlie 
want of motion, the number of fafettes is greatly multi- 
plied, so that no less than 25,000 have been counted in 
a single eye. The image on the retina, in this case, may 
be compared to a mosaic, composed of a great number of 
small images each of them representing a portion of the 
figure. Thi entzre picture is of course, more perfect. 
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111 propottion as the pieci b are '•miillei and more nu- 

89 Cuinpoiind eyes are destitute ot' the optical apparatus 
uecessury to concentrate the rays of light, and cannot adapt 
themselves to the distance of ohjectf. , they see at a certnio 
distance, but cannot look at pleasure The perfection of 
their sight depends on the number of fa^ettes or cones, 
diid the manner in which they are placed. Their field of 
vision IS wide, when the eye is piomment , it is very limited, 

rarj 1 1 " fl t Thus the di-agon-flies, 

their eyes, seo equally 

, or laterally ; whilst 

ITS neaiiy on a level with 

diste,nce before them. 

90 ra eyes, they are either 
ry mos of the polypi, or else 

m unusual circumstan- 

m Even among the ver- 

8om e faculty of sight, as 

h g IS ly a rudimentary eye 

e of a crystalline lens. 

not even rudimentary 

(Atablyopsis spelaus,) 

w th m and which appears to 

want even the orbital cavity. The craw-fishes, (Astacus 

■pellucidus,) of this same cave, are also blind ; having 

merely the pedicle for the eyes, without any traces of 

fkfattes. 

2. Hearing. 
9]. To hear, is to perceive sounds. The faculty of per- 
ceiving sounds is seated in a peculiar apparatus, the Ear, 
which Is constructed with a view lo collect and augment the 
i vibrations of the atmosphere, and convey them to 
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usually a very complicated apparatus, especially in the supe- 
rior animals. In mammals it is composed of three parts, the 
external ear, the middle ear, and the internal ear ; and its 
structure is as follows: (Fig. 19.) 




)4. The externa! ear, which ia popularly regarded as the 
nut, consists of the conch, (a,) and the canal which leads 
from it the exi-rniil auditory passage, (S.) The firs! is a 
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gristly expansion, in the form of a nom or a funnel, the 
object of which is lo collect the waves of sound ; for this 
Feasor , animals prick up their ears when they listen. The 
ear of man is remarkable for being nearly immovable. 
Therefore, persons, whose hearing is deficient, employ an 
artificial trumpet, by which the vibrations from a much 
more extended surface may be collected. The external 
ear is peculiar to mammals, and is wanting even in some 
aquatic species of these, such as the seals and the Orni- 
thorhyncus. 

95. The middle ear has received the name of the tym- 
panic cavity, (jt.) It is separated from the auditory passage 
by a membranous partition, the tympanum or drum, (c;) 
though it still communicates with the open air by means 
of a narrow canal, called the Eustachian tube, {{,) which 
opens at the hack part of the mouth. 
In the interior of the chamber are 
four little bones, of singular forms, 
which anatomists have distinguished 
by the names ofmalleiis, (Fig. 20, c,) 
incus, («,) stapes, (s,) and os orhim- 
lore, (o;) which are articulated to- 
gether, so as to form a continuous 
chain,ashere represented, magnified. 

96. The internal ear, which is ^'^'^ 

rIso denominated the labyrinth, is an irregular cavity formed 
in the most solid part of the temporal bone, beyond t'ne 
chamber of the middle ear, from which jt is separated by a 
bony partition, which is perforated by two small holes, called, 
from their form, the round and the oval apertures, the /ora. 
men rotundutn, {Fig. 19, ^,) and \\\e foramen ovale, (h.) The 
first is closed by a membrane, similar to that of the ty-npa- 
num, while the latter is closed by the stapes, one of the little 
bones n the chamber. 
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97, Three parts a ;e to be distinguislicd in tlie labyrintli, 
namely, the vesHbule, which is the part at the entrance of the 
cavity ; the semicircular canals, (d,) wiiicii occupy its iippei 
part, in the form ot thiee arched tubes, and the Mrldea, 
which IS a niinow canal placed beneath, at the loviei" part 
of th(, vestibule, having exactly the form of a «nai! shell, (c ) 
The entire labyimth i& filled with a watery fluid, in whicli 
membianouB sacs or pouches float Within these sacs, the 
;ive (/) teimimles These pouches therefore, 
lal leat of heaiing, and the most essential parts 
Ihc aiidiioiy ner^e is admitted to them by a 
', the tnleraal auditory canal 
By this mechanism, the vibrations of the an are fir^t 
collected by the external ear, whence they aie convened 
alon^ the audiloiy pa'aage, at the bottom of whirh is the 
tympanum The tjmpanum, by its delicate elasticity, aug- 
m(,nts the vibrations, and transmits them to the internal ear, 
partly by means of the httle bnnes in the chamber, wh.ch are 
lanner that the stapes exactly fits the oval 
ovale;) and partly by means of the air 
nibrahe covering the round apeilurg, (^,) 
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100 In rt-ptiles, the whole evterior ear disappears, the 
auditorj p IS-, gc IS always winting and the tympaDum he- 
comes euerinl In some toads, e\en the middle eir al«o la 
completely wanting The fluid of the vestibule is chargi-d 
with salts of lime, which fiequenttj give it a milky appe^r 
ance, and which, when examined bj tht, microscope arc 
f d b composed of an infinite number of crystals 

101 I fi'-bes, the middle and external ear aw bolh 
w ng nd the oigin ot heiiing la reduced to i iicm 
bra tibule, situated in the cavity of the sk.ull, and 
a m u d by seraicirculai canals, from one to three m 

Thf liquid of the vestibule contains cbalkj con- 
i; 1 irregular forma, which are called Otol tes the 

f h h IS doubtless to lender the vibration of boiitida 
m ble 

102 In cnbs, the oigan of hearing is found on tlip lowi r 
face of the bead, at the base of the large antencEe It is a 
bonj (.hamber closed b^ a membrane, in the intcrui of 
which IS su-ipeiided a membranous sac filled with water On 
this sac the audiioiy nerve is expanded In tiie cuttleli 1 
the vestibule is a simple e^ca^atlon of the cartilage of ti(, 
head, containing a little membranous sic, in which the audi 
lory nerve terminates 

103 Finally, aome inaecta, the grasshopper for instance, 
liave an auditory apparatus, no longer situated in the he J, 
as with other animals, but in the legs , and from this tact, we 
may be allowed to suppose, that it no oi^an of heaiing hia 
yet been found in most insects, it is because it has been 
sought for 111 the head only 

104 It ajipears fiom these examples, that the part of the 
organ of hearing which is uii foimly present m til aniinala 
furn shed with ears, is piecisely that m which the auditorv 
nerve ends This therefore, is the essenl al part of tli oi- 
gan The other paits of the appardlus, the t\m] nun 
auditiij pissige,aid even thp sPniieiFCular canila h fui 
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(hoir objetil merely lo aid the perc«prion of sound with more 
precision and aocumcy. Hence we may conclude that the 
sense of hearing is, dull in animals where the organ is re- 
duced to its most simple form ; and that animals which have 
merely a simple membranous sac, without tympanum and 
auditory passage, as the fishes, or without semicircular 
canals, as the crabs, perceive sounds in but a very impcr- 
fcct n 



3. Of &nell. 
105. Smell is the faculty of perceiving odors, and is 
a highly important 
se to many ani- 
ls. Like sight 
and hearing, smell 
icnds upon special 
ves, the olfacto- 
ry, (a,) which are 
the first pair of cer 
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mammals., the outer walls of the nose are composed of carti- 
lage ; but internally, the nostrils communicate with bony cav- 
ities situated [a the bones of the face and forehead. These 
r!>vities awi lined by a thick membrane, the pituitary mem 
biiine, on which are expanded the nerves of smell, namely, 
iho olfactory nerves, and some filaments of the nerve which 
1 f 

108 n p f m II f 11 w Od rs 

j If dljllscpf rym 

bd d dffdlhh Th pies 

1 f 11 h 1 m h mp 
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lU N p ! pp f smell has yel lieen found in 

In b Ai d J h a-n be no doubt that insects^ 

rab d m II k p eive odors, since tliey arc 

ra d f m I i by the- odor of objects. S^omo 

f h ] b d ed by odors similar to those 

f li p y 1 h I ly h ws that they are led to it by 

1 se 11 m fi II deposit its eggs on plar ts 

h 1 h 1 11 f m d flesh. 

4. Of Taste. 

112. Taste is the sense by which the flavcir of bodies is 
perceived. That the flavor of a body may be perceived, it 
must come into immediate coDtact with the nerves of laste ; 
these nerves are distributed at the entrance to the digestive 
tube, on the surface of the tongue and the palate. Dy this 
sense, animals are guided in the choice of their food, and 
warned to abstain from what is noxious. There is an inti- 
mate connection between the taste and the smell, so that 
both these sonses are called into requisition in the selection 
of food. 

113. The nerves of taste are not so strictly special as 
those of sight and hearing. They do not proceed from one 
single trunk, and, in the embryo, do not correspond to an 
isolated part of the brain. The tongue, in particular, receives 
nerves from several trunks; and taste is perfect in proportion 
as the nerves which go to the tongue are more minutely dis- 
tributed. The extremities of the nerves generally terminate 
in little asperities of the surface, called papilla. Sometimes 
these papillffi are very harsh, as in the cat and the ox ; and 
again they are very delicate, as in the human tongue, in that 
of the dog, horse, &c. 

1 14. Birds have the tongue cartilaginous, sometimes be- 
set with little stiff points; sometimes fibrous or fringed 
^: !))(■ edges. In the parrots, it is thick and ileshy 
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6, 0/ Touch. 

U7. The sense of TorcH is merely a peculiar manifosla- 
(ion of the general sensibility, seated in the skin, and 
dopendont upon the nerves of sensation, which expand ovei 
Ihe surface of the body. By fhe aid of this general ser.si- 
bility, we leavn whether a body is hot or cold, wel or drv. 
We may also, bj' simple contact, gain an id^a, lo it certniii 
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120 Animals have not only the powei of peicewing, 
but minj of iheni have also the fai^ully of producing 
sounds oi eveiy variety, from the loariog of the lion to the 
song of the bud as it silutea the rising sua It w moreoier 
to be remaiked that tho&e which are endowed with a voice, 
likewise have the oigan of hearing well developed 

121 An mals eniploj iheii \oicc cithe; foi communica- 
tion wiih each other, or to express thoir sensations, their en 
joyments, their suiTei ngs Nevertheless, this faculty s en 
joyed by but a small minority of animals, «ilh but very 
few exceptions, only the mammals, the birla, and a few 
reptiles a-e endowed with it Ail others are dumb 
Woiins arl injects h^vo no true voi-i , for we musi nol 
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mistake for it the buzzing of the beo, which is morely a 
noise createJ by the vibration of the wings ; nor the grating 
shriek of the Locust, (grasshopper,) caused by the friction of 
higsi! hwg 11 II fi k 
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an obslacle to the current of air, and it cannot pass withoul 
causing them to vibrate. These vibrations produce the 
voice ; and as the vocal cords are susceptible of different 
degrees of tension, these tensions determine different sounds ; 
giving an acute tone when the tension is great, but a grave 
and dull one when the tension is feeble. 

125. Some mammals have, in addition, large cavities 
which communicate with the glottis, and into which the air 
reverberates, as it passes the larynx. This arrangement is 
especially remarkable m the howl ng mookeys, which are dis- 
tinguished above all other animils for their deafening howls. 
126 In birds the proper larynx la very simple, destitute 
of vocal coi Is and incapable of producing sounds ; but at 
the lower en 1 of the wmdj ipe there is a second or inferior 
larynx which is verj (.omplicated in structure. It is a kind 
of bonj dr im, (a,) having with- 
in it two glottides, formed at the 
top of the two branclies {hh) of 
windpipe, (c,) each provided 
with two vocal cords. The dif- 
i ferent pieces of this apparatus 
mo\ei by peculiar muscles, 
number of which varies in 
different families. In birds which 
have a very monotonous cry, 
such a-5 the gulls, the herons, 
^'B 23 the cuckoos, and the mergansers 

(Fig. 23,) there is but one or two pairs ; parrots have three 
and the birds of song have five. 

127. Man alone, of all the animal creation, has the power 
of giving lo the tones he utters a variety of definite or ar- 
ticulate sounds ; in other words, he alone has the gift of 
speech. 
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CHAPTER FOURTH. 

OF IKTELLIQBNCE AKB INSTINCT, 

12S Bes D£s 1 e ma enal subs a ce ol I ch he bod 
cons need he e !go a rama e al p ncple wl h 

hough elud de on s none he less eal and o 
wh ch w a on an ly hi ed o e n con de h 

phcDomena of 1 f I aa es w 1 he bodj d s I 

veloped I 1 le ye o allj apa f om 1 1 e 

s udy of h n u able p n pie b iongs on f he 
h ghe b a be f PI I s pi y and we 1 all h e n ly 
allude e f phenome a 1 ch eluc date he de 1 

op en and ank of an nals 

UQ T\e oma yof p s a phenomeno d p nd 

ing on he m na e al na e An mal and pla ts 1 o 
produ el knd ge e a af e g ne a on We 1 11 
hereafe 1 ow 1 a U an mals ay be a ed ba Iv n le 
enbyooa opm nl yolk of he e b g 
no resembla ce haee hlueami alnon 

spe on li enable usodlae he ny wha ha 
animal is to be. But even here an immaterial principle 
is present, which no external influence can essentially modify, 
and determines the growth of the future being. The egg of 
the hen, for instance, cannot be made to produce any other 
animal than a chicken, and the egg of the codfish produces 
only the cod. Il may therefore be said wifb truth, that the 
chicken and the cod existed in the egg before their formation 

130. Perception is a faculty springing from this priiici- 
pb:. The organs of sense are 1 
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131 Izi addition to the faculty of perceiving 
the higher aa mals hase also the faculty of lecalling p%si 
impressions, or the powei of memory Many animals fLtaio 
a TP CO I lection of the pleasure oi pan Ihej have expeii- 
eHced, and seek or avoid the objects which may have pio- 
duced these sensations , and, m doing so, they ^ne proof 
of judgment 

133 rhi=i fact proves that ammiji have the lacult\ of 
comparing Iheir sensations and of deriving conclusions fioin 
them , in other words, that they carry oo a process of 
reasoning' 

133 These different faculties, taken together, constitute 
mlelhgence In man, this superior piinciple, whn,h is an 
emanation of the divine nature, manifeisls itself in ail its 
splendor God " breithed into him the breath of hfe, and 
min became a living soul " It is man's prerogitive, and hia 
alone, to leg tlale his condm f hy the deductions of reason . 
he has the faculty of exeicising hia judgmfnt not only 
upon the objects which surround him, and of appiehending 
the many relations which exist between himself and thp ev- 
ternal world , he may also apply hia reason to immaterial 
things, observe the operations of his own intellpct, and, hy 
the inalysis of his faculties, may arrive at the oonSLious- 
ness of his own naluie, and even conceive of that Infinite 
Spirit, " whom n >ne by searching can find out." 
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136 If however we ludge oi the in^tiQctive act^ of .irii- 
ma s en CO p ed V cts of n ell ge ce by he 
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140. The aest of the fiery hang-bird, (Icle s Bait more ) 
dangling from the extrcmily of some slende naccess ble 
Iwig, is familiar in all. The beautiful nest of tl e iumn o- 
bird, sealed on a mossy bough, and itself coated tb 1 be 
and lined with ibe softest down from the cotton ^ s lb 
mullein leaf, is calculated equally for con f t a d f s 
oapiog observation. An East Indian bin), (Ploceiis Philippi- 
nus,) mt only exhibits wonderful devices in the construction. 
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es , but displays a still t'lirlhei 

The nest is bulli at the tips 

1 ]]y hanging over the wiUer. It 



be 



nng 



1 is f 
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of he es a ! s 
!o ve end a so loo ly o en 
ll Rt any ''e pent o sq r el 
a tempt ng t en er he aper 
tu e vould d icl I e fibres 
and fall to he ground The 
m le I o veve who has no 
>ccas oQ t ch protect on 

bo Ids h 8 la cl ed dome « m 
hr o t! dt of t'-e female and F'B ^ 

by 3 ^ de h m kps s n ply a perch across the base of 
the dome, without the nest-pouch or tube. 

141. But it is among insects that this instinctive solici- 
tude for the welfare of the progeny is every where exhibited 
in the most striking manner. Bees and wasps not only 
prepare cells for each of their eggs, but take care, before 
closing the cells, to deposit in each of them something ap- 
propriate for the nourishment of the future young. 

142. It is by the dictate of instinct, also, that vast numbers 
of animals of the same species associate, at certain periods 
of the year, for migration from one region to another ; as 

met with in countless Hooks, 

143. Other animals live naturally in large societies, and 
labor in common. This is the case with the anta and bees. 
Among th'^ latter, even the kind of labor for each r 
of the communitj is determined beforehand, by i 
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Some of them collect only honey and wax ; while others 
are charged with the care and education of the young; and 
still others are the natural chiefs of ihe colony. 



147 1 pi y but a secopdaiy pail m man. He is 

h 1 devoid of il Some of hi-, actions are 

1 p mp d by stinct, as, for instance, the attempts of 

h f r^ The fact, again, that the=(P instinctive 

ly b 1 g to infancy, « hen intelligence is bul 

1 i^h ly d p d goes to confirm the two last p'opositiona. 
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CHAPTER FIFTH 

OP MOTION. 

SECTION I. 

fiFPABATUS OF MOTION. 

148. The power of voluntary motion is the second grana 
characteristic of animais, (57.) Thougli they may not all 
have the means of transporting themselves from place to 
place, there is no one which has not the power of executing 
some motions.- The oyster, although fixed to the ground, 
opens and closes its shell at pleasure ; and the little coral 
animal protrudes itself from its cell, and retires again at 
Its will. 

149. The movements of animals are effected by means of 
muscles, which are organs designed expressly for this pur- 
pose, and which make up that portion of the body which 
is commonly called jfesA. They are composed of threads, 
which are readily seen in boiled meat. These threads 
are again composed of still more delicate fibres, called mits- 
adar jibres, (45,) which have the property of elongating 
and contracting. 

150. The motions of animals and plants depend, therefore, 
upon causes essentially different. The expansion and closing 
o" the leaves and blossoms of plants, which are their most 
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APPAIUTlJS OF J 




Fig 24 



iflLience f iig!. , heal 
moisture, cold, and similar external agents ; but all iht. mo 
tions peculiar lo animals are produced by a cause residing 
williin themselves, namely, the contractility of iniiaculai 

151 The cause which excites contractility resides in the 
nerves, although its nature is not piecisely understood. 
Wo orly know that each 
muscular buodle receives 
one or more nerves, whose 
filaments pass at intervals 
acioss the muscular fibres, 
a" seen m Fig 25 It has 
also been shown, by experi- 
ment, that when a nerve 
entering a muscle h sev 
eied, the miscle instantly loses its power of contracting 
under the stimulus of the wdl, or, in other vsords, is par- 

162 The mosLles may be classified, according as they 
are moie or less under the control of the will The con 
tractions of some of them are entiiel^ dependent on the will 
as in the muscles of the limbs used for locomotior Others 
are quite indi pendent of it, like the contrdrtions of the heart 
and stomach The muscles of respiration ordinarily act inde 
pendent^ of the will, but aie paitially subject to t thus, 
when we attempt to hold the breath, we arrest, foi the mo 
ment the actcn cf the diaphragm 

153 In the great majority of animals, mohon is grealiy 
aided by the preseoce of "olid parts, of a bony or horny 
structure, which either sejve as fiim attachments to the 
muscles, or being arranged so as to act as levers torn 
oreise the pieeision and sometimes the foroe of mo^ementSi 
The '.oh I ml ire u'.ualH so arrange I as to fornix suIj 



HnslcdhyGoOgIC 




nected with the structure of he sof 

parts. It is composed of nu ner 

ous little plates, somet nes con 

aolidated and immovabe as n 

the sea-urchins, (Fig. 26 ) and 

sometimes so combined as o 

allcw of various motion as 

the star-fishes, (Fig. 17 ) wh eb s -a, 

both for crowMng and s^ n m ng 

155. In the Mollusks, the solid parN ait, s li ted by the 
skill, most frequenlly in the. form of i calciieous shell of 
one, two, or many pieces, servintf for the piotection of the 
soft parts which they cover. The^e al ells are ^enei.illy si 
Gonatfucted as to afford compktp piotectio 
within theii' cavities. 



1 lo the 






pii^pos 






..nly . 



"arly period. 
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and is lost an ihe animal it 

no other covering than a slimy skin. In ofhers, 

becomes so thrik and firm as to have the ( 

elastic leatlier ; or it is gelatinous or transparent, and, what is 

very curious, these tissues may be the same aa those of woody 

fibre, as, for example in the Ascidia As a oeneial thing 

the solid parts d I m so 1 h m 

lusks are mostly 1 h m I I 1 f ro 

cases that the sh II b h Sc H pa 

(Pecten,) whicl h h P P ^ ml 



156. The m 1 m 1! k h f 1 
der the body, o 1 g h dl m d 
iribufed in the k d 1 d 

arranged abou 1 1 1 h h h p 

in motion. H dhdp jbhy 

always form ve d 1 m se p [ 

size of the hod d h f d pp 

such as is not s I f i ml 

This peculiar ] lb f m 1 m 

small cavities e d g 1 1 d h 

lion of mucus 1 k pi h m 

157. In the A Id II 1 d p 
ternal, in the f m f g lly f h y 

but sometimes 1 d ss ly fi h 

other at their d Tl 1 f 1 b g od 

idea of this Tl gs d ff 

classes of this 1pm m rely 1 m f h 

itv. number of d h d or f 1 h 

has upon anolh I m g p 1 Id d 

as to form a 1 Id [ I 

crabs. In otl rs 1 y m mb d I d 

' ^pable of ass g f m as I h d 

worms generally 
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lf)H. A variety of appenJages ure attached to those 
rings, such as jointed legs, of in place of them stili' bi'istles 
oara fringed with silken threads, wings either firm or mem 
branous, antennEe, movahle pieces which perform the office 
of jaws, &c. But however diversified this solid apparatus 
jnay be, it is universally the case that the rings, to which 
every segment of the body rnay be referred as to a tj pe com 
bine to form but a single mternal cav j 
gans are enclosed, the nervous sj 'item ■is 
of vegetative life, (63.) 

159. The muscles which move 
ail these parts have this peculiar 
ily, that they are all enclosei w th 
in the more solid framework and 
not external to it, as in ll e verte 
brates ; and also that the m iscular 
bundles, which are very cona der 
able in number, have the form of 
ribbons, or fleshy strips, v tl par 
allel fibres of remarkable wh e 
ness. Figure 27 represents the ^'8 27 
disposition of the muscles of the caterpillar which destroys 
the willow, (Cossiw ligmperda) The ight ide representa 
the superficial laj'er of muscles and tl e left s de the deep 
sealed layer. 

160. The Vertebrala, 1 ke the articulated an inals have 
solid parts at the surface as the hairs and horns f mam- 
mals, the coal of mad of tie at mid Ho thefealle-si del ws 
of birds, the bucklers and scales of eptlesani fisi es &c 
Hut they have beiides this along the nle ot of tl e vt ole 
Iwdy, a solid framework not found in the invertebr tea well 
known as the Skeleton 

161. TJie skeleton is composed of a seres of ppi te 
bunoR cidli^d leiifbne e\ to cac! iher I v 1 ^ '■ 
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IS 1 sjlid centre with (our bridches, two of 
which ascend and form in arch above, 
and t»o descend, forming an arch heiow 
the bofiy of the verlebia The upper 
arches form a continuous cavity (a) along 
the region of the trunk, which encloses 
the spinal marrow, ind in the head re- 
ceives the brain, (61 ) The lower arches 
(i) form another cavity, similar to the 
Bupeiior one, which contains the orgaas of 
nutrition and reproduclion , their branch- 
es generally meet below, and when dis- 
joined, the deficiency is supplied by 
fleshy wills Eveiy part ot the skeleton 
may be reduced to this fundamental type 
the vertebra, as «ill be shown, when treating specially of the 
veitebrale ■itiimalb, so that between the pieces composing 
the head, the liunk, or the tail, we have only differencea 
m the degiee of development of the body of the ver- 
tebra, or of ito brinches, and not in reality different plana 
of organization 

163 The muscles which move this solid framework of 
the vertebrita are disposed around the vertebrse, as is 




Fig 2S 



of muscles for each vertebra. In proportioi 
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tra d ab e ba e of he j..,g, „„. 

tail, which )s ihe paif principally employed in locomotion. 



OF LOCOMOTION. 

163. One of Ihe most curious and important applic itiotis 
nf this appatatus of bones and muscles is for Locomo- 
tion. By this is understood the movement which an animal 
makes in passing from place to place, in the pursuit of pleas- 
ure, sustenance, or safety, in distinction from those motions 
which are performed equally well while slaiionary, such as 
the acts of respiration, mastication, &c. 

164, The means which nature has brought into action to 
effect locomotion under all the various circumstances in 
which animals are placed, are very diversified ; and the 
study of their adaptation to the necessities of animals is highly 
interesting in a mechanical, as well as in a zoological point 
of view. Two general plans may be noticed, under which 
these -arietios may be arranged. Either the whole body i.« 
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«0 LOCOMOTION. 

equally c'jncerned in effecting Incomotion, or only some of 
1 for the purpose. 

165. The jelly-fishes (Medusa) swim 

by contracting their unibrella-shapeii 

bodies upon the water below, and its 

e urges them forwards. Other 

provided with a sac or 

siphon, which they may fill with water 

and suddenly force out, producing a jet, 

which is resisted by the surrounding 

^' ' water, and the animal is thus propelled. 

The Btche-le-mar, (Holothuria,) the cuttle-fishes, the Salpte, 

&c., move in this way. 

166. Otiiers contract small portions of the body in suc- 
cession, which being thereby rendered firmer, servo as 
points of resistance, against which the animal may strive, 
in urging the body onwards. The earth-worm, whose boJy 
is composed of a series of rings united hy muscles, and 
shutting more or loss into each other, has only to close up 
the rings at one or more points, to form a sort of fulcrum, 
against which the rest of the body exerts itself in extending 
forwards. 

167. Some have, at the extremities of the body, a eup or 
some other organ for maintaining a firm hold, each extremity 
acting in turn as a fixed point. Thus the Leech has a cup 
or sucker at its tail, by which it fixes itself; the body is then 

elongated by the contraction 
of the muscular fibres whioii 
encircle the animal; the mouth 
is nest fixed hy a similar suck- 
Fig. 32. er and by the contraction of 
muscles running lengthwise the body is shortened, and the 
tail, losing its hold, Is brought forwards to repeat the same 
iirocess. Most of the bivalve inollLisks, such as the c'^ms. 
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move from place to place, in a similar way. A fleshy organ, 
called the foot, is thrust forward, and its eJ^tremity fixed 
in tha mud, or to some firm object, when it contracls, 
and thus draws along the body and the shell enclosing 
it Snails, and many similar animals, have the (leshy undei 
surface of their body composed of an infinitude of very short 
muscles, which, by successive contractions, so minute, indeed, 
as scarcely to be delected, enable them to glide along 
smpotKly and silently, without any apparent muscular effort. 

168. In the majority of animais, however, locomotion is 
effected by means of organs specially designed for the pur- 
pose. The most simple are the minute, hair-like cilia, 
which fringe the body of most of the microscopic infu- 
sory animalcules, and which, by their incessant vibrations, 
cause rapid movements. The sea-urchins and star-fishes 
have little thread-like tubes issuing from every side of the 
body, furnished with a sucker at the end. By attaching 
these to some fixed object, ihey are enabled to draw or roll 
themselves along ; but their progress is always slow. Insects 
are distinguished for the number and great perfection of their 
organs of motion. They have at least three pairs of legs, 
and usually wings also. But those that have numerous 
feet, like the centipedes, are not distinguished for agility. 
The Crustacea generally have at least five pairs of legs, 
which are used for both 
swimming and crawling. 
The Worms are much leas 
active ; some of them have 
only short bristles at their 
sides. Some of the marine *'S. ^ 

species use their fringe-like gills for paddles. (Fig. 33.) 

169. Among the Vertebrata, we find the greatest diversity 
m the organs of locomotion and the modes of their applica- 
tion, as well as the greatest perfection, in whatever clement 
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ORGANS OF LOCOMOTIOW. 

Th sa g 



1. Plan nf the Organs of Locomonon. 

170 The organs of piosre^sion m lerlebritHd ammats 
never e\eeed four in numbei, ind to ihem the tei m Zimis is 
more particulaily apphed The study of ihesc organs, a*' 
i-barac ten Stic of the diflerent gtoups of leatebratf animals, 
la most intereslidg, especially when prosecuted with a uliv 
to trace them all bai^k to one fundamental plan, and to ob- 
serve the mod fications, oftentimps \ery slight, bj which a 
very simple ojgan is adapted to every variety ot move- 
ment No part of the animal ?tructuie more fully illustrates 
the unity of design, or the skill of the Intellect which has 
so adapted a single organ to such multiplied ends On this 
ftCCOUQt, we shall illustrate this subject somewhat m detail 

171 It 19 easy to see that the wmg which la to susta n 
Ihe bnd in the air must be difftrent fiom the leg of the '■lai^, 
which IS to serve for rimniDg, ot the fins of the fish that 
Bwims But, notwithstanding their dissimilarity, the wing of 
the bud, the leg of the stag, and the shoulder fin of the fish 
may still be traced to the same plan of stiudutf and if 
we exam no their skeletons, we find the lan f fiindamental 
parts In order to show this, it is necessary to gn e a short de- 
Bcnpiion of the composition of the arm or anlcr or i.\tttniiiy. 

172. The anterior member, in the verlebraios, is invaria- 
b'y composed of the following bones: 1. The shoulder- 
hlaile, or senpula, (a,) a broad and flat bone, applied upon 
the b mes of the In nk ■ 2. The arm, (i,) formed of a single 
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Jong c\lindncil bont,, thp humerus, 3 ThB fore-arm com- 
iwsed or two long bonca, the radius, (c,) and uhia, [d,) 
which are often fused into one ; 4 Tlie hand, which .;s 
composei of a "ipups of botiea, more ^o 

or less numerous in different clabses, 
ard which js divided into three paits, 
namely, the carpus, or wrist, (e,) the 
metacarpus, or palm, { f,) and the ^Aa- 
langei, or fingers, (g ) The claMcle or 
coUm lone, (o,) when it exists, belong 
also to the anterior member It is a 
bone of a cylindrical fcim, fixed as 
a biflce bptwoen the bteast hone and 
sliou der bl.ide Iia use is Id keep the 
iihou!di,i-3 Sf [nrited , to this end, we 
find It fully developed m all animals 
which raise the hmbs from the sides, as 
the birds and the bats On the other 
hano. It IS rudimentary, or entirely want- 
ins: in animals which niove them back- 
waiaJ'' and forwards only, as with most 
nuadiuped^ 

173 The following outhnes, in which c 
are indicated bj the same letters, will j 
modifications which these bones present 
In the arm of man, (Fig. 34,) the shoulder-blade is flat 
and triangular ; the hone of the arm is cylindrical, and en- 
larged at its extremities; the bones of the fore-arm are 
somewhat shorter than the humerus, but more slender ; the 
hand is composed of the following pieces, ijamely, eight 
small bones of the carpus, arranged in two roivs, five meta- 
r.nrpiil bones, which are elongated, and succeed those of the 
wrist ; five fingers of unequal length, one of which, the 
thumb is opnosed to tli? four others. 




Fig. S4. Fig. 35. 

lorresp ending bones 
;ive an idea of the 
in different classes. 
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174. In the stag, {Fig. 35,) the bones of the fore-arm 
are rather longer than that of the arm, and the radius no 
longer turns upon the ulna, but is blended with it; the meta- 
(carpal, or cannon bone, is greatly developed ; and, being 
quite as long as the fore-arm, it is apt to be mistaken for it. 
The fingers are reduced to two, each of which is surrounded 
by a hoof, at its extremity. 
" 175. In the arm of the lion, (Fig. 36,) the arm bone is 




rig. 37. 



siouler, the carpal bones are less numerous, and the fingers 
nre short, and armed with strong, retractile claws. In '.he 
whale, (Fig. 37,) the bones of the arm and fore-arm ^re 
much shortened, and very massive ; the hand is broad, 'ha 
finders strong, and distant from each other. 




In the bat, the thumb, which is represented by a small 
hook, is entirely free, (Fig. 38;) hut the fingers are elon- 
^led in a {ilsproporlionate manner, and the skin is stretched 
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across them, ao as to aorve the purpose of a wing. In tirds 
the pigeon for example, (Fig. 39,) there are but two fingers 
which are soldered together, and deatitute of naila ; and the 
thumb is rudimentary. 

176. The arm of the turtle (Fig. 40) is peculiar in Iiavinf^, 




besides the shoulder-blade, two clavicles ; the arm-boi.e is 
twisted outwards, as well as the bones of the foie-arm, so 
that the elbow, instead of being behlod, is turned forwa-ds; 
the fingers are long, and widely separated. In the Sloth, 
(Fig. 41,) the bones of the arm and fore-arm are very greatly 
elongated, and at the same time very slender ; the hand ia 
likewise very Jong, and the fingers are terminated by enot- 
mous non-retractile nails. The arm of the Mole (Fig. 43) 
is still more extraordinary. The shoulder-blade, which ia 
usually a bi'oad and flat bone, becomes very narrow; the 
arm-bone, on the cont &"} ' nt t d so much as to seem 
nearly squaie ; the elb p ba kwards, and the hand 

is excessLvely large and o 

177. Ill fishes, the f and a n ement of the bones is 
BO peculiai, that it is of n d ffi 1 race their correspond- 
ence to all the parts f nd h animals ; nevertheless 
Uie bones of the fore- e ^ ly ecognized. In the Cod 
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(F >. 43> ih»r? are two flat and broad bones, one of wliiiili, 
the ulna, (rf,) presents a long point, antenorly. The bones of 




fi fe) 



fi g T 

of le? g vhls very long canno bone, and that of the 
horse also v 1 s sol tary finger enveloped in a hoof, are 
organs e pec ally ad plrd for runn ng The very slender 
and g a Iv el nga ed finj^ers of the bat are admirably coo 
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trivpd for i 1 

weigh! of tl 
bird indicatt. re 

whale, with p 

The enormo d 

structed for h d ffi 
rowing. Tlie 

externally, a 

179. The 
with the anteiior o 
composed, are, 1. TI 
to the shoulder blade 
is a single bone, liko 1 
the tihia aadjibula, \ I 
times coalesce into o 
foot, which are divid d 
parts, the tarsus or a kl 
toes. The modifies 
the arm, inasmuch as h 
in nil animals, witho 
are used exclusively f 

180. The anterior 
varied in form, whetl 
arm, a wing, or a fi 
shown to be compos d 
tially the same pari 
structed upon the sam 
plan. This affinity d 
tend to the invfertebra 
though in many ins 
limbs bear a certai 







the vertebrates, 
;d fur similar purposes, yet they have no real 
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which have llie feet pliiced very far back, cannot use them 
for walking. 

183. The more numerous and Ihe more widely separa'ed 
are the points of support, the firmer an animal a'ands. On 
this account, quadrupeds are less liable to lose their balance 
than birds. If an animal has four legs, it is not necessary 
thai the} should have a broad base. Thus we see that 
mos; quadrupeds have slender legs, touching the earth by 
only a small surface. Broad feet would interfere with each 
other, and only increase the weight of the limbs, without 
adding to their stability. Birds are furnished with long toes, 
which, as they spread out, subserve the purpose of tripods. 
Moreover, the muscles of the toes are so disposed that the 
weight of the bird causes them to grasp firmly ; hence it 
is enabled to sleep standing in perfect security upon the roost, 
without effort. 




184. In quadrupeds, the joints at the junction of the limbs 
with the body bend freely in only one direction, that is, to. 
wards the centre of gravity; so that if one limb yieldii, the 
tendency to fall is counteracted by the resistance of the 
litnhs at the other extremity of the body. The same antag' 
onisin is observed in the joints of the separate limbs, which 
are flrsed alternately in opposite directions. Thus the thigh 
bends forwards, and 'he leg backwards ; whi'e the arm hends 
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backwards, and the fore-arm fornarda Riffeienl terms hiive 
been employed to express the vanous modes of piogre'?sion, 
accotd^ng to the rapidity or the succesiion m which the 
limbs are advanced. 

185. PROORESSIOK is a forward movement of the body, 
effected by successively bending and extending the limbs. 
Walkikg- 13 the ordinary and natural gnit, and other panes 
are only occasionally employed When walking is aecom- 
plifjied by two limbs only, as m man, the body la inclined 
forwards, carrying the centre of gravity in that diieclion; 
and while one leg sustains the body, the other is thrown 
forwards to prevent it from falling, and to sustain it in turn. 
For this reason, walking has been defined to be a continual 
falling forwards, continually interrupted by the projection of 

186. The throwing forwatds of the leg, which would 
require a very considerable effort, were the muscles obliged 
to sustain the weight of the limbs aho, is facilitated by a ^ ery 
peculiar arrangement ; that is, the joints aie peifectly closed 
up ; so that the external pressure of the atmosphere is suffi- 
cient of itself to maintain the limbs lo place, without the as- 
sistance of the muscles. This may be proved by experi- 
ment. If we cut away all the muscles around the hip loint, the 
thigh h t'll dl fi ml t th 1 b t t ll 
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animals, as the giraffe, the lama, and the bear, raise both 
legs of one side at the same moment. This is called ojb- 
hlin^, or pacing. 
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190. Climbing is merely walking upon an itidincd or 
even upright surface, h is usually accomplished liy means of 
sharp nails ; and hence many carnivorous animals climb 
with great facility, such as the cat tribe, the lizards ; and 
many birds, the woodpecker, for ioslaace. Others employ 
their arms for this purpose, like the bears when they climb 
R tree ; or their hands, and even their tails, like the mon- 
keys ; or their beaks, like the parrots. Lastly, there are some 
whose natural mode of progression is climbing. Such are 
the sloths, with their arms so long, that, when placed upon 
the ground, they move very awkwardly ; and yet their slruc 
ture is by no means defective, for in their accustomed move 
ments upon trees they can use their limbs with very great 
adroitness. 

191. Most quadrupeds can both walk, trot, gallop, and 
leap ; birds walk and leap ; lizards neither leap nor gallop, 
but only walk and run, and some of them with great rapidity. 
No insect either trots or gallops, but many of them leap. 



pport very soon y lelds, owing to the slight densttj of the 
:, it follows that the bird must maks the greater and more 
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ra( id effbris lo compensate for this disadvantage, tience it 
requires a mucli greater expenditure of strengtti to fly tli.in 
to walk ; and, therefore, we find the great mass of muscles 
in birds concentrated about the breast, (Fig. 30.) To facili- 
tate its prjgresB, the bird, after each flap of the wings, brings 
them against the body, so as to present as little surface as 
possible to the air ; for a still farther diminution of resistance, 
all birds have the anterior part of the body very slender. 
Their flight would be much more difficult if they had large 
heads and short necka. 

193. Some quadrupeds, such as the flying-squirrel and 
Galeopithecus, have a fold of the skin at the sides, which 
may be extended by the legs, and which enables them to 
leap from branch to branch with more security. But this 
is not flight, properly speaking, since none of the peculiar 
operations of flight are performed. There are also some 
fishes, whose pectoral fins are so extended as to enable them 
to dart from the water, and sustain themselves for a consider- 
able time in the air ; and hence they are called flying-fish. 
But this is not truly flight. 

194. SwiMMiNCf is the mode of locomotion employed by 
the greater part of the aquatic animals. Most animals which 
live in the water swim with more or less facility. Swimming 
has this in common with flight, that the medium In which ii 
is performed, the water, becomes also the support, and read 
ily yields also to the impulse of the fins. Only, as wawr is 
much more dense than air, and as tlie body of most aquatic 
animals is of veiy nearly the same specific gravity as water, 
it follows that, in swimming, very little effort is requisite to 
keep the body from sinking. The whole power of the mus- 
cles is coQsequentlj employed in progression, and hence 
swimming requires vastly less muscular force than dying. 

195. Swimming is accomplished by means of various or- 
gans designated under the general term, Jins, altbo'jgh iji an 
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nniilomical poirt: of view these may represent very different 
parts. In the Whales, the anterior extremities arJ the tail 
are transformed Into fina. In Fishes, the pectoral tins, which 
represent the arms, and the ventral fins, which represent the 
legs, are employed for swimming, but they are not tlie prin- 
oipal organs ; for it is hy the tail, or caudal fio, that pro- 
gression is principally efFecfed. Hence the progression of 
the fish is precisely that of a boat under the sole guidance 
of the sculling-oar. In the same manner as a succes- 
sion of strokes alternately right and left propels the boat 
straight forwards, so the fish advances by sfriking alternately 
right and left. To advance obliquely, it has only to strike 
a little more strongly in the direc pp hat which 

he wishes to take. The Whales, n h n "j , swim by 
striking the water up and down ; d h me with a 

few fishes also, such as the ray d 1 1 The air- 
bladder facilitates the rising and k g f h fi h, hy ena- 
bling it to vary the specific weigh f i b dj 

196. Most land anin^als swim with more or less ease, by 
simply employing the ordinary motions of walking or leaping. 
Those which frequent the water, like the beaver, or which 
feed on marine animals, as the otter and duck, have webbed 
feet; that is to say, the fingers are united by a membrane 
which, when expanded, acts as a paddle. 

197 Ti ere s also a large number of nverlebrate animals 
in wh ch ew n ng s tl e pnnc pal or the only mode of 
progress on Lobi ers s v m by n eans of their tail, and, like 
the Whales s r ke the vater up and do vn. Other cruslacea 
have a pa r of legs fisl oned 1 ke oar as the posterior legs 
n sei c ab for e an].Ie Miny osecfs hkewise, swini 
w h he r Ip-gs vl ch are ab dan ly f nged with hairs to 
gvo tl em s face as tie I ttle wa er boatmen, (Gyrinus, 
Dv sc s ) hose az lances on the s mmer streams every 
one n &t 1 a e olwe Ted The e ttle fish uses its long ten- 
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tncles as oars, (Fig. 47 ;) aod some star-fishes {Comalula, 
Euryale) use their arms with great adroitne^, (Fig. 151.) 
Finally, there ore some insects which havo their limbs con- 
structed for running on the surface of water, as the water- 
sf iders, (Ranatra, Hydrometra.) 




198, A large numher of animals have the faculty of mov 
ing both in the air and on land, as is the cas3 with most birds, 
and a great proportion of insects. Others move with equal 
facility, and hy the same members, on land and in water, as 
some of the aquatic bii'ds and most of the reptiles, which latter 
have even received the name Amphibia, on this account. 
There are some which both walk, fly,and swim, as the ducks 
and water-hens ; but they do not excel in either mode of 
progression. 

199. However different the movements and offices pei- 
formed by the limbs may appear to us, according to the ele- 
ment in which they act, we see that they are none the less 
the effect of tho same mechanism. The contraction of the 
same set of muscles causes the leg of the stag to bend for 
laaping, the wing of I'ne bird to flap in the air, the arm of 
the mole to excavaf the earth, and the fin of the whole to 
strike the water. 
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NUl'RITION. 

200. The second class of the functions of animals are 
those which relate to the maintenance of life and the per- 
petuation of the species ; the functions of vegetative life, {59.) 

201. The increase of the volume of the body must re 
quire additional materials. There is also an incessant waste 
of particles which, having become unfit for further use, are 
carried out of the system. Every contraction of a muscle 
expands the energy of some particles, whose place must be 
supplied. These supplies are derived from every natural 
source, the animal, vegetable, and even the mineral king- 
doms ; and are received under every variety of solid, liquid, 
and gaseous form. Thus, there is a perpetual interchange 
iif substance between the animal body and the world around. 
The conversion of these supplies into a suitable material, its 
distribution to all parts, and the appropriation of it to the 
growth and sustenance of the body, is called Nittkition in 
the widest sense of that term. 

202. In early life, during the period of growth, the amount 
of substances appropriated is greater than that which is lost 
At 8 later period, when growth is completed, an equilibrium 
between the matters received and those rejected is established. 
At a still later period, the equilibrium is again disturbed, 
more is rejected than is retained, decrepitude begins, and at 
last the organism becomes exhausted, the functions cease, and 

20». The solids and fluids taken into the body as food are 
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subjected to a process called Digestion.^ by which the sclid 
portions are reduced to a fluid state also, the nutritive sepn 
rated from the excremeotitious, and the whole prepared to 
become blood, bone, muscle, &c. The residue Is afterwards 
expelled, together with those particles of the body which 
require to be renewed, and those which have been derived 
from the blood by several processes, termed Secretions. 
Matters in a gaseous form are also received and expelled with 
(he air we breatlie, by a process called Respiration. The 
nutritive fluids are conveyed to every part of the body by 
curreats, "jsually confined in vessels, and which, as they 
return, bring back the particles which are to be either reno- 
vated or espelled. This circuit is what is termed the CireU' 
lalion. The function of Nutrition, therefore, combines sev- 
eml distinct processes. 



SECTION I. 



' DIGESTION. 



y04. Digestion, or the process by which the nutritive parts 
of food are elaborated and pre- 
pared to become part of the body. 



i, the 
stomach and intestines, or alimen- 
tary canal. This canal is more or 
less complicated in the various 
classes of animals ; but there is no 
animal, however low its organiza- 
tion, without it, in some form, (54.) 
205. In the polypi, the digestive 
apparatus is limited to a single 
cavity. In the Sea Anemone, {Ac- 
tinia,} for example, it is a pouch, {Fig 18, b ) suspended i 
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tlie mterior of tlie body. Whentliefooc fiasbeen sjffijitntlj 
digested there, it passes, by imbibition, into the general cav- 
ity of the body, (c,) which is filled with water, and micgling 
with it, flows thence into all parts of the an- 
imal. The jelly-fishes, (Medusa,) and 
some Worms, have a distinct stomach, with 
appendages branching off in every directior , 
(Fig. 31,) in which a more complete elaho- 
n takes place. The little worms known 
by the name of Planaria, present a striking 
example of these ramifications of the intes- 
tine, (Fig. 49, e.) But here, likewise, the 
product of digestion mingles with the fluids 
of the cavity of the body which surround 
the intestine {d) and its branches, and cir- 
dilution is not yet distinct from digea- 

rise in the scale of animals, the functions 
nutrition become more and more distinct from 
Digestion and circulation, no longer confounded. 







iparately, in distinct cavities. The most 
important organs concerned in di- 
gestion are the stomach, and the 
small and large intestine. The 
first indications of such a distinc- 
tion are perceived in the higher 
Radiata, such as the sea-urchins, 
(Fig. 50,) in which the stomach (s) 
is broader than either extremity of 
the intestine. The dimensions and 
form of the cavities of the intestine 
Lg to the mode of life of the ani- 
liml; bu; the special functions assigned to them are invaria- 
ble ; ana the three principal cavities succeed each other, in 




Pig. 50. 
very considerably, accordi 
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every aniiniil where they are found," 
firsi, the stomiich, (s,) then the 
first, but of len enlarged 
towards its termination. 
This arrangement may 
be seen by the follow- 
ing diagrams from a bee- 
tle iind a i^nd mollusk, 
where the same letters 
indicate corresponding 
parts, (Figs. 51,52.) 

S07. From the mouth, 
(»i,)the food passes into 



iriabie order ; 
which is small c 



the I 



ich thro 



naTrow tube in the neck, 
called the 
guUel, (o.) Thi 
always a direct 




Fig. fil. Fis. 52. 

iniform size ; but there is some- 
times a pouch, the crop, (c,) into which the food is first intro- 
duced, and which sometimes acquires considerable dimen- 
sions, especially in birds, and in some insects and inollusks, 
(Fig. 51.) In the stomach, the true digestive process is be- 
gun. The food no sooner arrives there than changes com 
mence, under the influence of a pecuhar fluid called the gas- 
tric juice, which is secreted by glands lining the interior of 
the stomaclv The digestive action is sometimes aided by the 
of the stomach itself, which, by its strong oontrac- 
the food. This is especially the case in the 
;izzavd of some birds, which, in the hens and ducks, for in- 
tance, ia a powerful muscular organ. In some of the Cius- 
iicea and Mollusks, as the Lobster and Aplysia, there arc 
vim solid organs for breaking down the food within the 
lomach itself. 
208 The result of ibis process h the reduction of the (ood 
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,o a pulpy fluid called chyme, whbh varies in its naiure with 
ihs food. Heice the function of the stomach has been 
named chi/mificcUion. With this, the function of digestion ia 
complete in many of the lower animals, and chyme is circu- 
lated throughout the hody ; this is the case in Polypi and Jelly- 
fishes, and some Worms and Mollusks. In olher animals, 
however, the chyme thus formed ia transferred to the infes- 
movemeot, like that of a worm in creep- 
ordingly received the name of vermicular 



tine, by a pecuha 
ing, which has : 
or peristaltic 

209. The f 1 
than that of th 



f th 



II intestine (i) is less variable 
a narrow tube, with thin walls. 



T d yji d 

m h h ts 

Crabs, and Lobsters, some Worms, and most of the Mollusks, 

in which the product of digestion is not further modified by 

respiration, but circulates throughout the body as chyle. 

210. The chyle is composed of minute, colorless globules 

of a somewhat flattened form, (Fig. 53.) In 

the higher animals, the Vertebrates, it is taken 

upand carried into the blood by means of very 

minute vessels, called lym/phatic vessels oi 

laeteah, which are distributed every where in 

the walls of the intestine, and 
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wilh ihe veins, forming also in iheir cour&e several gl [i 1 il i' 

masses, as seen in a poriion of intestine connected with i vfin 

in Fig. 54 ■ and it is not until thus 

taken up and mingled with the 

circulating blood, that any of our 

food really becomes a part of the 

living body. Thus freed of the 

nutritive portion of the food, the 

residue of the product of digestion 

passes on to the large intestine, 

from whence it is expelled in the 

form of excrement. "^ "* 

211. The organs above described constitute the most ea 
senlial for the process of digestion, and are found more or less 
developed in all but some of tVie radiated animals , but there 
are, in the higher animals, several additional ones for aiding 
in the reduction of the food tochjme and cbj It, which render 
their digestive apparatus quite complicated In the first place, 
hard parts, of a horny or bony texture, are usually placed about 
the mouth of those animals that feed on solid substances, which 
serve for cutting or bruising the food into small fragments, 
before it is swallowed ; and, in many of the lower animals, 
these organs are the only hard portions of the body. This 
process of subdividing or chewing the food is termed masti- 
cation. 

312, Beginning with the Radiata, we tind the apparatus 
for mastication partaking of the star-like arrangmeni which 
characterizes those animals. Thus in Seutella, (Fig. 55,) 
we have a pentagon composed of five triangular jai«s, eon- 
verging at their summits towards a central aperture which 
corresponds to the mouth, each one bearing a cutting plate or 
tooth, like a knife-blade, fitted by one edge into a cleft. The 
live jaws move towards the centre, and pierce or cut thi; oh- 
jV.c's which come between them. In some of the sea-un-hii't^ 
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s,) this apparatus, whicii has been called Aristorlc's 




lantern, (Fig. 56,) consists. of numerous iiefc and it, much 


more complicated. Still, the five fundamental 


tiecps or lawa, 


each of them bearing a ha p t miy 


be recognized, 


as in Scutella ; oa!y d f b g pkf ed 


horizontally. 


they form an inverted p d 




213. Among the M 11 ka a f like the cuttle iishes 


have solid Jaws or beak 1 1 re bling 


IBITS^lCifear?^ 


^^ the beA f a p (Fig 


^^^^^3 


^^1^^ 57,} wl 1 m 1 and 


MHi^a 


m ^^^ffl down n I d But a 


^«^^3 


1 ¥ much la g be rasp 


^S^^S 


\ ( their food by m fa flat 


^^Hi^fl 


Pig. 57, blade c Id p 1 k a atch 


Fig 68 


spring, the surface of wh h ed wit 


innumerable 



lied tongue of Natica, 
iy a modification of the 



minute tooth-like poin 
highly magnified porti 
(Fig. 58, a,) which, b 
beEika of cuttle-fishes. 

214. The Articulata are remarkable, as 
a class, for the divei-sity and complication 
of their at paratus for taking and dividing 
their food. In some niaiine worms. Nereis 

for exati pie, the jaws consist of a pair of 

Fig. ffl, curved, horny instruments, lodged in a 

sheath, (Fig. 59.) In spiders, these jaws are external, am' 
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sometimes mounted on long, jointeii stems. Insects winch 
masticate their food have, for the most part, »t least two pairs 
nf horny jaws, {Figs. 60, 61, m,j,) besides several additional 
pieces which serve for seizing and holding their foc4- 
Those which live on the fluids which they extract either from 
plants or from other animals, have the masticatory organs 
transformed into a trunk or tube for that purpose. Tiiis 
trunk is sometimes rolled up in a spiral manner, as in the 
butterfly, (Fig. 64;) or it is stiff, and folded beneath the 




Fig. 60. Pig. Bl. Fig. 62. Fig. 63. fig. 6d. 

chest, as in the squash-hugs, (Fig. 62,) conta.ining several 
piercers of extreme delicacy, (Fig. 63,) adapted to penetrate 
the skill of animals or other objects whose juices ihey extract ; 
or they are prolonged so as to shield the tongue when thrust 
out in search of food, as in the bees, (Fig. 61, t.) The crabs 
have their anterior feet transformed into a kind of jaws, and 
several other pairs of articulated appendages performing ex- 



micfoscopic 




Fig, 95. Fig. 66. 

oIjBivetj' masticatory functions. Even in the 
Rotifers, we find very complioaled jaws, as seen i 
onus, (Fig. 65,) and still more magnified in Fig. 66. 



HnslcdhyGoOgIC 



104 NUTHITION- 

amidst this diversity of apparatus, there is one thin^ ,\ nich 
charade rizes all ihe Articulata, namelv, the jaws always 
move sideways ; wiiilo those of the Vertebrates and Molluaks 
njove up and down, and those of the Radiala concentrically. 
2J5. In the Vertebrates, the laws form a part of the bonv 
skeleton. In most of them the 
lower jaw only is movable, and 
is brought up against the upper 
jaw by means of very strong mus- 
cles, the temporal and masseter 
F!g. 67. muscles, (Fig. 67, (, m,) which 

perform the principal motions requisite for seizing and mas- 
ticating food. 

216. Tlie jaws are usually armed with solid cutting 
instruments, the Teeth, or else are 
enveloped in a horny covering, the 
a the birds and tortoises, 
(Fig. 68.) In some of the H'hiiles, 
the true teeth remain concealed in the 
Fig. 63. jaw-bone, and we have instead a range 

of long, flexible, horny plates or fans, fringed at the margin, 
which serve a'i itraintrs to separate the minute marine ani- 
mals on which they feed 
from the water drawn in 
with them, (Fig. 69.) 
A few are entirely des- 
titute of teeth, as the 
ant-eater, (Fig. 70,) 
217. Though all the 





Uiat they all chew their food. Many 
whole ; as moit birds, tortoises, and whal 
those whicli ntc furnished with teeth do 



irteb rates possess jaw 
mtist not be inferri 



■ prey 
my of 
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food , some using them merely for seizing and securing their 
prey, aa the lizards, frogs, crocodiles, and the great majority 
of fishes. In audi animals, the teeth are nearly all alike in 
form and structure, as for instance, in the alligator, {Fig. 71,) 
ihe porpoises, and many fishes. A few of (he latter, s 




Fig. 71. Fig. 72. 

the Rays, for example, have a sort of bony pavement, (Fig. 
72,) composed of a peculiar kind of teeth, with which they 
crush the shells of the molluska and crahs on which iliey 
feed. 

918. The Mammals, however, are almost the only verte 
brates which can properly be said to masticate their food. 
Their teeth are well 
developed, and pre- 
sent great diversity 

and mode of inser- 
tion. Three kinds 
of teeth are usually 
distinguished in moat 
of fhese animals, 
whatever may be 
their mode of hfe ; nar'ely, the cutting xeeih, incisom , the 
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tusks or carnivorous teeth, canines ; find the grinders, molars 
(Fig. 73.; The incisors {a) occupy the front of the mouth, 
iho upper ones being sot in the intermasillary bones ; they 
are the most simple and the least varied, have generally 
a thin cutting summit, and are employed almost exclusively 
for seizing food, except in the elephant, in which they assume 
the form of large tusks. The canines (S) are coi.ical, r..c:e 
elongated than the others, more or less curved, and only two 
in each jaw. They have but a single root, like the incisors, 
and in the carnivora become very formidable weapons. In 
the herbivora, they are wanting, or when existing they are 
usually so enlarged and modified as also to become powerful 
organs of offence and defence, although useless for masiica- 
lion ; as in the babyroussa, &c. The molars (c) are ilie moat 
important for indicating the habits and internal t 

A fl ry 
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I the mnlcs and bats, have {he molars terminated by several 
Fie- 74. 



-CJXV 



Tig. 76. Fig. 76. 

sharp, conical points, (Fig, 74,) so arranged that the eleva- 
tions of one tooth fit exactly into the depressions of the tooth 
opposite to it. In the true Carnivora, (Fig. 75,) on the con- 
trary, the molars are compressed laterally, so as to have 
sharp, cutting edges, as in the bats ; and they shut by the 
side of each other, like the blades of scissors, thereby di 
vlding the food with great facility. 

220. The sJime adaptation is observed in the teeth of her- 
bivorous animals. Those which chew the cud, (ruminants,) 
many of the thick-skinned animals, (pachydermata,) like the 
elephant and some of the "nawers (rodentia ) like the hare 
(F 6) m ts m fl m 
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merely by investigating llie fragment of a tooth under a mi 
croscope. 

332, Ar-ther process, subsidiary to digestion, is called 
tnsalivalion. Animals which masticate their food have 
glands, in the neighborhood of the mouth, which secrete a 
fluid called saliva. This Buid mingles with the food as it is 
chewed, and prepares it also to be more readily swallowed. 
The salivary glands are generally wanting, or rudimentary, 
or otherwise modified, in animals which swallow their food 
without mastication. After it has been masticated and min- 
gled with saliva, it is moved backwards by the tongue, and 
passes down through the (esophagus, into the stomach. This 
act is called deglutition or swallowing. 

223. The wisdom and skill of the Creator is strikingly 
illustrated in the means he has afforded to every creature for 
securing the means for subsistence. Some animals have 
no ability to move from place to place, but are fixed to the 
soil; as the oyster, the polyp, &c. These are dependent for 
subsistence upon such food as may stray or fioat near, and 
they have the means of securing it when it comes within 
their reach. The oyster closes its shell, and thus entraps its 
prey ; the polyp has fiesihle arms, (Fig. 77,) capable of 

great extension, which it throws instantly 

around any minute animal that comes in con. 

tact with it. The cuttle-fish, also, has elongated 
s about the mouth, furnished with ranges 

of suckers, by which it secures its prey, 

(Fig. «.) 
224. Some are provided with instiumenta 
^S' 77 for extracting food from places which would 

bo otherwise inaccessible. Some of the mollusks, with their 
rasp-like tongue, (Fig. 58,) perforate tiie shells of other ani 
mals, and thus reach and extract the inhabitant. Insects 
have vario is piercers, suckers, or a firotractiie tongue for the 
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same purpose, (I igs 61-64 ) M^ny Annelidct-, the leeches 
for examp e, hdve a sucker, which enables thetn to produce 
ft vacuum, and thereby draw out blood from tlie perforations 
ihey mjke m other ammals Many micioacopic antmils are 
provided with hairs or cilia around the mouth, {Fig 65) 
whii-h by then incessant motion produce currents thit bun^ 
withm reach the still more minute creatures or particles ,ii 
which they feed 

225 Among the Veriebrata, the herbivora generally em- 
ploy then lips or their tongue, or both together, for seizing 
the grass or le i^es ihey feed upon. The carnivora use their 
jaws, teeth, and especially their claws, which are long, sharp 
even movable, and admirably adapted for the purpose. The 
woodpeckers have long, bony tongues, barbed at the tip, 
wlhhld -tsfdMnd crevi- 

T fiies at a 

tongue, 

T se tusks 

g m th to the 

g as g he uses 

g g s mouth, 

D ss mas country, 

m g M nonkeys 

m d h 

6 m X, others 

g g B fi ak with 



mpossililo 
ucing at 
Of many 



HnslcdhyGoOgIC 



1 10 OF DIGESTION. 

known fliai they fieqiienlly fill the whole caviiy of their body 
with water, through the mouth, the tentacles, and pores 
upon the sides, and empty it at intervals through the same 
ripenings. And thus the aqimiic mollusks introduce water 
into speciol cavities of the body, or between their tissues, 
through various openings, while others pump it into their 
blood vessels, through pores at the surface of their body. 
This is the case with most fishes. 

226 a. Besides the more conspicuous organs above de- 
scribed, there are among the lower animals various micro- 
scopic apparatus for secunng their.prey. The lassos of polypi 
have been already mentioned incidentally, (223.) They are 
minute cells, each containing a thin thread coiled up m its 
cavity, which may be thrown out by inversion, and extend to 
a considerable length beyond the sac to which it is at 
inched. Such lassos are grouped in clusters upon the ten- 
tacles, or scattered upon the sides of the Actinia and of 
most polypi. They occur also in similar clusters upon the 
tentacles and the disk of jelly-fishes. The nettling sensa- 
ioD produced byjhe contact of many of these animals is 
undoubtedly owing to the lasso cells. Upon moat of the 
smaller animals, they act as a suddeo, deadly poison. In 
Echinoderms, such as star-fishes, and sea-urchins, we find 
other microscopic organs in the form of clasps, placed upon 
a movable stalk. The clasps, which may open and shut al- 
ternately, are composed of serrated or hooked bi*nches, 
generally three in number, closing concentrically upon each 
other. With these weapons, star-fishes not more than two 
inches in diameter may seize and retain shr mps of half 
that length, notwithstanding their efforts to diseitf igle them- 
selves. 
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CP THE BLOOD AND CIRCULATION. 



S27. The nutritive portions of the food are poureJ inio 
the general mass of fluid which pervades every part of Ihr 
bodj, out of which every tissue is originally constructerf 
and from time to time renewed This fluid, in the ^'Piiei-il 
acceptation of the term, is called blood , but itdifflrs gieallj 
in Its essentn! constitution in the ditfeient groups ot the 
Animal Kingdom In polypi and meduase, it is mtrelj 
chyme, (20*^ ,) la most mollusks and articulates i 
(20*^ ,) but m vertebrates it is more higlilj orgai 
constitutes what is properlv called Blood 

22S The Blood, when eximined by the t 
found to consist of a transpaient fluid, the seium, cons sling 
chiefly of albumta, fibrin, and wattr, m which float miny 
rounded, somewhat compressed bodies, called blood disks 







Fig 78 Fi 
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complete cirtjuil, but emptying into various cav ties which 
interrupt iheir course. 

232. In animals of still higher organization, as the verte- 
brates, we find the vital fluid enclosed in an appropriate se! 
of vessels, by which it is successively conveyed throughoul 
the system to supply nutriment and secretions, and to the 
respiratory organs, where it absorbs oxygen, or, in other 
words, becom js oxygenated. 

233. The vsssoLs in which the blood circulates are of two 
kinds; I, The arteries, of a firm, elastic structure, which 
may be distended or contracted, according to the volume of 
their contents, and which convey ihe blood from the centro 
towards the surface, distributing it to every point of the 
body. 9. The veins, of a thin, membranous 
structure, furnished within with valves, (Fig- 
82, c,) which aid in sustaining" the column of 
blood, only allowing it to flow from the peri- 
phery towards the centre. The arteries con- ' 
stantly subdivide into smaller and smaller 
branches ; while the veins commence in minute 
twigs, and are gathered into branches and larger 
trunks, to unite finally into a few stems, near the 
centre of circulation. 

234. The extremities of the arteries and veins 
nected by a net-work of extremely 
delicate vessels, called capillary ves- 
sels, (Fig. 83.) They pervade every 
portion of the body, so that almost 
no point can be pricked without 
drawing blood. Their ofiice is to 
distribute the nutritive fluid to the 
organic cells, where all the important processes of nutrition 
are performed, such as the alimentation and growth of all 
organs and tissues, the elaboration of bile, milk, saliva, anc 

10 • 



Fig. 82. 




Fig. 83. 
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Other importanl producls derived from blood, the removal of 
effete parjicles and the suhslitiitioti of new onos, and all 
those changes by which the bright blood of the arteries be 
comes the darli blood of the veins ; and again, in the cells 
of the respiratory organs which the capillaries supply, the 
dark venous blood is oxygenated and restored to tbe bright 
scarlet hue of the arterial blood. 

. Where there are blood-vessels in the lowest aoimala, 
the blood is kept in motion by 
the occasional contraclion of 
some of the principal vessels, 
as in the worms. Insects have 
a large vessel running along 
the back, furoished with valves, 
Fig, 84. ^° arranged that, when the ves- 

sel contrac la, the blood can 
fiow only towards the head, and, being thence distributed fo 
ths body, is returned again 'into the dorsal vessel, (Fig. 84,) 
by fissures at its s des 

236. In all tbe h gher animals theie is a central organ, 
the heart, which forces tbe blood through the arteries to- 
wards the peuphery, and receives it again oa its teturn 
Tbe HEART is a hollow, musculai oigan, of a conical form, 
which dilates and contracts at reg ilar intervals, independ- 
ently of the will It IS either a single cavity, oi is diiided 
by walls into two, three, or four compaitmenta, as seen in 
the following diagrams These modihcations are important 
in their connection with the respiratory organs, and mdicate 
the higher or lower rank of an inimal, as determined by the 
quality of the blood distributed in those oigans 

237. In the mammals in! birds the heart is d vided by n 
vertical partition into two ctiilics, each of wh ch isa^in 
divided into two compartments ono above ihp othei, as '^een 

, Fig. 85.) The two upper cavities are called 
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ventricle, the biood is driven through the main arterial trunk., 
called the aorta., (Pig- 90, a,) and is distributed by its 
branches thi jughout the body ; it "is then collected by the 
veins, carried back to the heart, and poured into the right 
auricle, (Fig. 85, r a,) which sends it inio the right ventricle 
cji.) The right ventricle propels it through another set of 
arteries, the pulmonary arteries, (Fig. 90, p,) to the lungs, 
(I ; ) it is there collected by the pulmonary veins, and con- 
veyed to thelefiauriele, (Fig. 85, la,) by which it is returned 
to the left ventricle, thug completing the circuit 

241. Hence the blood in perfornnng its whole c rcuit 
passes twice through the hcatt The first part of this c r 
cuit, the passage of the hljod through the body, i=i called 
the great circulation ; and the second part, the pai^idge of 
(he blood through the lungs, i= the lesser oi pulmonary cii 
dilation : this double circuit is said to be a complfle circu 
lation. In this case the heart may be justly regaided is 
two hearts conjoined, and in fact the whole of the lesser ci 
culation intervenes in the passage of the blood from one side 
of the heart to the other ; except that daiing the embryrn i, 
period there is an opening between the twoaurcles which 
closes as soon as respiration commences 

242. In reptiles, (Fig. 86 ) tie venous blood from the 
body is received into one auiicle and the oxygenated bloo I 
from the lungs into the other These throw their c 
into the single ventricle below, which propeK the ii 
part to the body, and in part to the luDgs , but as only the 
smaller portion of the whole quantity is sent to the lungs in 
a single circuit, the circulation is si\d to be xnconvplete In 
the Crocodiles, the ventricle \\i& a parlitio i wh ch keep? aep 
arate the two kinds of blood received fiom the aunclea bii 
ihe mixture soon takes place by means of a ?f eeiil irtery, 
which passes from the pulmonary aitery to the aorta 

243 In fishes, (Fig. 87,) the blood is corned directh 
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from ihe a jnlricle to the giils, which are fheir chief respit 
atory organs; thRiice it passes into arteries for distribution 
to the system In general, and returns by the veins to the 
auricle. Here the blood, in its circuit, passes but once 
through the heart ; but the heart of a fish corresponde 



ertheless to the heart of a rnammal, and not t( 
it, as has often been maintained, for the gills ar< 
244. Crabs and other Crustacea bave but a s 
cle, without an auricle. 
In the mollusks, there is 
likewise but a single ven- 
tricle, as in Natica, (Fig. 
88, A.) Some have in 



cles. These auricles are 
sometimes go disjoined 
as to form so many iso 
Among Eadiata, the sea-urchins 
hcoxt 



s half of 




in the cuttle-fisli. 
! provided with a tubular 
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OF RESPIRATION. 



S45. F )n the maintenance of its vital properties, the alood 
must be submitted to the influence of the air. This is true 
of all animals, whether they live in the atmcsphere or in the 
water. No animal can survive for any considerable period 
of time without air ; and the higher animals almost instantly 
die when deprived of it. It is the office of respibation to 
bring the blood into communication with the air. 

246, Among animals which breathe in the open air, 
some have a series of tubes branching 
through the interior of the body, called 

VS^IS^ tracSete, (Fig. 89, (,) opening externally 

Umk^ upon the sides of the body, by small aper- 

tures, called stigmata, {s ; ) as in insects 
and in some spiders. But the most com- 
mon mode of respiration is by means of 
Lungs, a pair of peculiar spongy or cel- 
lular organs, in the form of large pouches, 
which are the more complicated in pro- 
portion to the quantity of a!r to be con- 
Pig. 89. sumed. 

247, In the lower vertebrata, provided with lungs, they 
form a single organ ; but in the higher classes they are in pairs, 
placed ic the cavity formed by the ribs one on each side of 
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the vertebral column, and enclosing the heart '/() between 
mem, (F g 90,1 1) The lungs commanioate with the atmos- 
phere by me-ins. of a tube composed of camlagmous imgs 
which arise= from ihe back part ot the nouth and divides 
bLiow, first into a branch for each organ, and then inij in 
iiiimerHbie branches penetrating the r „ 

whole mass, -ind finally terminilmg in 
minute sacs Th 8 tube is the ti achea 
oi jLindjnpe, (w,) and its branches are 
the hroncht In the higher air breath- 
mg animals the lungs and heaitocctipy 
an apanment by themselve", the cke^t, 
which 18 sepirated from the otbei con 
tents of the low er arch of the vertebral 
colun (161 ) by fl h p rt t 
cilled h d ph g p ac 03 



) h 



the CI 
only =. 

(Fig. 
248 Th m 

enlar d y 

tract! 

in th 



h b d 



h d Th 



Wher 




addiUonal space, 

and the ribs are allowed to subside, the cavity is again din 
ished,and the air expelled. These movements are termed 
inspiration or inhalation, and expiration. The spongy pul- 
monary substance being thus distended by air, the blood sen. 
from the heart is brought into such contact with it as to aUow 
the requisite interchange to take place, (235.) 

249. The respiration of animals breathing in water ig ac- 
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OF BESPIEATION. 

different apparatus. The air is to be 

derived froir the water, in which 

is always diffused. 

The organs for this purpose are 

called hrmichiiz or gills, and are 

plumes floating outside of the body, 

(Fig. 33,) and many moilusks, (Fig. 
91, g i) '3'* '^^y consist of deli- 
combs and brushes, asm fishes, 
(Fig. 92,) erabs, and most moilusks, 
g.) These gills are al- 
ituated that the watei has 
aquatic animals, such as 
and moilusks, lespiralion 
lakes place by the incessant motions of vibratory cilia, which 
fringe both the outside and the cavities of the body; the cur- 
rents they produce bringing constantly fresh supplies of water, 
containing air, into coDtaet with the respiratory surface. 

250, Many animals living in water, however, rise to the 
surface and breathe the atmosphere there, or are furnished 
with the means of carrying away a temporary supply of air, 
whilst otliers are furnishfjl with reservoirs in whti^h the blood 
requiring oxygenation n.ay he accumulated, and their slay 
under water prolonged. This is the cise with the seals, 
whales, tortoises, frogs, many insects and moilusks, &c 

251. The vivifying power of the air upon the blood if. due 
to its oxygen. If an animal be confined for a time in a 
closed vessel, and the contained air be afterwards examined, 
a considerable pcvtion of its oxygen will have disappeared, 
and another gas t T a very different character, namely, car- 
bonic acid gas, will have taken its place. The essential 
otRce of respiration is to supply oxygen to the blood, at the 
.same time that carbon is removed fiom it. 
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352. An immediately obv ff i piriHion in Ifie 

reii-blooded animals is a cii nge pf I the blood, in 
passing through the respirato y ans be changed from 
a very dark purple to a brigh s le In h great circula- 
tion (241) the scarlet blood oc p h art ea, and is usii- 
ally called red Mood, iQ con rad s n f m the venous 

blood, which is called black Mood In he I sser circulation, 
on the contrary, the arteries a y he da k and the veins 
the red blood. 

253. The quantity of oxygen consumed by various am 
mals in a given lime has been accurately ascertained by ex- 
periment. It has been found, for instance, that a common- 
sized man c b loO b feet in 
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more slowly than the m'lmmals, birds, and even inseclo and 
It has been aicertamed that a butterfly, notwjthstandiiis; its 
compintiveiy diminutive size, consumes moie oxygen than 

255 The circulation and respirition hive a reciprocal in- 
fluence upon each other If the heart be poiveiful, or if 
on siolent exejcise a more rapid supply of blood to repair 
tlic consequent waste is demanded, (201 ,) respiration mmt be 
proportiomlly accelerated to supply air to the gruati r am iint 
of blood sent to the lungs. Hence the panting occasioned by 
running or other unusual efforts of the muscles. On the 
other hand, if respiration be hurried, the blood is rendpred 
more stimulating by greater oxygenation, and causes an ac- 
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celeratron of the circulation. The qiianlity of air consitmed 
varies, therefore, with tUe proportion of the blood which ia 
sent to the lungs. 

256. The proper temperature of an animal, or what is 
termed animal heat, depends on the combined activity of 
the respiratory and circulating systems, and is in direct pro- 
portion to if. in many animals the heat is maintained at a 
uniform temperature, whatever may be the variations of the 
surrounding medium. Tlius, birds maintain a temperature 
of about 108° Fahrenheit ; and in a large proportion of mam- 
mals it is generally from 95" to Wo". These bear the 
general designation tX warm-blooded animals. 

257. Reptiles, fishes, and most of the still lower animals, 
have not this power of maintaining a uniform temperature. 
The heat of their body is always aa low as from 35° to 50°, 
but varies perceptibly with ihe surrounding medium, being 
often, however, a little above it when the external tempera- 
ture is very low, though some may be frozen without the loss 
of life. For this reason, they are denominated cold-blooded 
onimah ; and all animals which have such a structure of 
the heart that only a part of the blood which enters it is seni 
to the respiratory organs, are among them, (243.) 

258. The production of animal heat is obviously conaecled 
with the respiratory process. The oxygen of the respired 
air IS dimmished and carbonic acid takes its plice The 
carbonic acid is f jrmed in the hodj by the combination of 
the oxygen of the air with the carbon of the blood The 
chemical combination attending this function is therefore, 
essentially the same aa that of combustion It is thus ( asy 
to under-.tand how the natural heat ol an anirail is greiier 
in priporton a.^ lespiratton is more active How far nutn 
lion in geaenl, and more ptrticuhrly aaiTnilattov by which 
the liquid parts ire fixed and sohJifed is connected with the 
mamttiiinue tf I'll (nper temperatiive of animih ind thi 
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uniform diatribulion of lipat through the bolj, i(h not yei 
been satisfactonl) iicertaiiied 

259. Some ol the liighei »aim blooded amiTidl>) do nol 
maintain their elevated temperature duiing the whole year ; 
but pass the winter m a sort of lethirgy called HisERriATiON, 
or the hibernating sleep The mirmot, the bear, the bat, 
the crocodile, and most repJilts, iuiiiiah e\amples During 
this state the animal takes no food , and as it respites only 
after very prijlouged inlflrvala, its heat is diminished, and ita 
vital fi'uctions generally are much reduced The structural 
cause of hibernation is not ascertained , but the phenomena 
attending it fully illustrate the laws already staled, (264-8.) 

260. There is another point of mob in which respiration 
should be conaidertd, namely, with reference to the buoy- 
ancy of animals, or their power of rising in the atmosphere, 
and their ability to live at dilTerent depths in the water, under 
a diminished or increased pressure. The organs of res- 
piration of birds and insects are remarkably adapted for the 
purpose of admitting at will a greater quantity of air into 
their body, the birds being provided with large pouches ex- 
tending from the lungs into the abdominal cavity and into 
the bones of the wing. In insects the whole btdy is pene- 
trated by air tubes, the ramifications of their traeheiB, which 
are enlarged at intervals into wider cells ; whilst most of the 
aquatic animals are provided with mmuie, almost micio- 
Bcopic tubes, penetrating from the surface into the substance, 
or the cavities of the body, admitting water into the mtenor, 
hy which they thus adapt tiieir whole sjstem to pressuiea 
which wo lid otherwise crush them These tubes miy with 
piopriety be cill d water tubes In fishes, the) pentliitf 
through the bone« of the head and shtulder, through skni 
and fcciles, and communicate w ih the blood vessel" an I 
heirl, into which they pour watpr , in molliisks thiy in, 
niort, n in eroua in thu flc^hj p irl'^, as, for example, in ilie 
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foot, which lliey lielp to distend, e 

main cavity of t!ie body, supply fi 

echiuodei'ms they pass through- i h 

260 a. In order fully » appreciat< e 

various respiratory appsritus observei '- 

oeasBcy to resort to a strict oamptti-iso 

dona of these organs with the whole r 

Uuin to the considaration of their 5pe< s 

in which they live. In Vertehrates, i s 

of distinct respiratory orgaua, more oi i- 

liods of life, or in diiferent groups. e 

gills ariaing from the eidea of the he h 

blood irom tho heart ; but these gills i- 

picatioD only in £shcB and some re^ ir 

in the higher reptiles, as well as in. is 

the close of their embryonic growth e 

Inngs, opening in or nenr the head ; I- 

oped only in Manimalia, birds, and ;- 

tion as the branchial respiration ia rei :- 

bladder constitutes a rudimeiitafy lung, 

260 b. In Articulates, there are also two sorts of respiratory or- 
gans ; aerial, called trachete in insects, and lungs in spiders ; and 
aquatic, in Crustacea and TVOrms, called gills. But these traohoEH and 
lungs open separately upon the two sides of the body, (air never 
being admitted through the mouth or nostrils in Articulates ;) tha 
giUB are placed in pairs ; those which are like tho trachaie occupying 
a similar position, so that there are nearly as many pairs of tracheie 
and gills as there are segments in those animals, (Figs. S9 and 33.) 
The ditferent respiratory organs in Articulates are in reality mere 
modifications of the same apparatus, as their mode of formation and 
suooessive metamorphoses distinctly show, and cannot bo compared 
with either the lungs or gills of Vertebrates [ they are special organfl 
not found in other classes, though they perfi rm the same functions. 
The same may be said of the gills and lungs of mollusks, which 
are essentially alike in structure, the lungs of snails and slugs being 
■wly a modilication of the gills of aquatic mollusks ; but these two 
kinds of organs differ again in thoir structure and relations from the 
traeheoE and gills of Articulates, as much Bs from the lungs and gills 
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ihe hard shell, whilst in polyps they perforate the -jvalis of 
the ge.ieral cavity of the body, which ihey constantly fih 
with uater. 



of Vertebrates. In those Radiates which are proTided with distinct 
respiratory organs, auob as the Eeliinodermfl, we find still aiiothei 
typical structure, their gills forming bunches of tiingea around the 
mouth, or rows of minute vesicles along the radiating aegmente of 
tllb body. 

11" 
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;iti3. In the igher animals, where 
separate organs for special purposes are 
multiplied, numerous sacs and tubes are 
assembled into compact masses, called 
glands. Some of these are of large size, 
such as the salivary glands, the kidneys, 
and '.'.le liver. In these, clusters of sacs j-j„ 93 

open info a common canal, and this canal 
unites with similar ones forming larger trunks, such as we 
find in the salivary glands, (Fig. 93,) and finally they all 
discharge by a single duct. 

264. By the organs of secretion, two somewhat different 
purposes are pfTected, namely, fluids of a peculiar character 
Bie selected from the blood, for important uses, such as the 
saliva, tears, Ridk, &.c , some of which differ but httle in 
their composition from that of the blood its>p|f, and might 
be retained in the blood with impunity , or, the fluids 
Bclected ^le aueh as aie positively iniurious, and cannot 
rsmain m the blood without soon destroying life These 
atler are usually tetmed ExcEtTioNs 

265 As the weight of the body, except during its period 
of active growth, remains nearly uniform, it follows that it 
must daily lose as much as it receives ; in other words, the 
excretions must equal in amount the food and drink taken, 
with the exception of the small proportion discharged by the 
alimentary canal. Some of the most important of theso 
outlets will be now indicated. 

266, We have already seen (37) that all animal tissues 
admit of being traversed by liquids and gases. This mutual 
transmission of fluids from one side of a, membrane to the 
other is termed endosmosis and exosmosis, or imbibition and 
transudation, and is a mechanical, rather than a vital, phe- 
)n, inasmut^h as it taltes place in dead as well as in 
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living tissues. The bloodvessels, especially the cnpilluries 
share this property. Henee portions of the circulating fluids 
escape through the walla of the vessels and pass off at the 
surface. This superficial loss is termed exhalation. It is 
most active where thn bloodvessels moat abound, and accord 
ingly is very copious from the air-tubes of the lungs and 
from the skin. The loss in this way is very considerable ; 
and it has been estimated that, under certain circumslaaces, 
the body loses, by exhalation, five eighths of the whole weight 
of the substances received into it. 

267. The skin, or outer eavelop of the body, is otherwise 
lai^ely concerned in the losses of the body. Its layers 
are constantly renewed by the tissues beneath, and the 
outer dead layers are thrown off. This removal is some- 
times gradual and continual, as in man. In fishes and many 
moiluaks, it comes off in the form of slime, which is, in fact, 
composed of cells detached from the surface of the skin. 
Sometimes the loss is periodical, when it is termed moulting. 
Thus, the mammals cast their hair, and the deer their horns, 
the birds their feathers, the serpents their skins, the crabs 
their test, the caterpillars their outer envelop, with all the 
hairs growing from it. 

268. The skin presents such a variety of structure in the 
different groups of animals as to furnish excellent distinctive 
characters of species, genera, and e»en families, as will 
hereafter be shown. In the vertebrates we may recognize 
several distinct layers, of unequal thicitness, as may be seen 
in figure 94, which represents a magnitied section of the 
human skin, traversed by the sudoriferous canals. The 
lower and thickest layer, (a,) is the cutis, or true skin, and 
is the part which is tanned into leatlier. Its surface presents 
numerous papillas, in which the nerves of general setisation 
terminate; they also contain a find oet^ork of bloodvessels, 
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iisua h rmcd tlje va lular layer The 
B iperfii,iat layer (c) m the epidenais, 
or cut cle 1 he cells of w hich it is com 
posed ire distinct at its inner port on, 
but become dried and iiattened is they 
are pushed outwards It is supplied with 
neither vessels noi nerves, and, conse- 
quently, IS insensible Between these 
two layers, and more especially con 
nected with the cuticle, is the rete muco 
sum (I ) B- verj fhin layer of cells, 9ooie 
of w h ch contain the p gtnent which 
g ves the com| lex on to the diflerent 
races of men and animals The scales 
of reptiles, the nails and claws of ^ 

mammals and the solid coverings of the Ciustacea oie 
meiely modificat ons of the epidermis On the othei hand, 
thp feathers of birds and the scales of iiahes arise fiom the 
vasculcir Hyer 

269 Of all the Excietions, if we except thai (lom the 
Lungs the bile seems to be the most extens ve and im- 
por anl , and hence a liver, or "^ome analogous organ by 
which bile s secieted, is found in animals of every depart- 
ment, whde some oi all, of the other glands are want 
ing in the loner classes of animals In Vertebiates, the 
liver 19 the Hrgest of all the oigans of the body In mol 
lusks. It IS no less pieponderant In the gasleropods like the 
snail. It en^ elopes the intestine in its convolutions, {F g 52 ,) 
and in the acephala Ike tlie clam and ovsler it generally 
sui rounds the ilomich In insects it is found in the shape of 
long tubea, vario isly contorted and inleilaced, (F g 51 ) In 
the Kadiata, this oigan is laigelv developed especially 
amoDg the echinoderms In the starfishes t extenils into 
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CHAPTER TENTH 

EMBRYOLOGY, 
SECTION I 

OF THE EGO. 

271. The functions of vegetalive life, of whieli we nave 
treated in the preceding chapters, namely, digestion, circu- 
lation, respiration, and secretion, have for their end the pres- 
ervation of the individual. We have now to treat of the 
functions that serve for, the perpetuation of the species, 
namely, tliose of reproduction, (200.) 

272. It has been generally admitted that animals as well 
as plants are the offspring of individuals of the same kind ; 
and '"iee versa, that none of them can give birth to individ- 
uals differing from themselves ; but recent investigations 
have modified to a considerablis extent this view, as we shall 
see hereafter. 

273. Reproduction in animals is almost universally accom 
plished by the association of individuals of two kinds, males 
Rnil females, living commonly in pairs or in flocks, each of 
ihem characterized by peculiarities of structure and external 
appearance. As this distinction prevails throughout the ani- 
mal kingdom, it is always necessary, if we would obtain a 
correct and complete idea of a species, to take into account 
the peculiarities of both sexes. Every one is familiar with the 
differences between the cock and the hen, the Hon and the 
lioness, &rc. Less prominent peculiarities are observed in 
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most Verlebrates. Among Articulaia, the differi 
less striking, the males being often of a difl'erent shape and 
color, OS in crabs, or having even more complete organs, m 
in many Iribes of insects, where the males have wings, while 
the females are tltaiitute of them, (Fig. 147.) Among rnol- 
iusks, the females have often a wider shell. 

i'Ji E en h gl er 1 si nc ons thjn specific one', ■ire bi=cd 
upon p c 1 ar t es of the sexes for evamplp, the w h lo 
class of M mn al a s chi -ac e zed by the fact ih it the 
fen ale a fir sled w th organs for nourLshmg hti yjutig 
with a peoul ar 1 qu 1 he nn Ik sei,r«ted by herself Ag no, 
(he Mars p al such as l! e opo s n ind kingiroo, ate diu 
t ngu shed by the c re m a ce hit the female has i pouch 
nto vh ch he jo g are rece. ed m then immature con 
d t on at b rlh 

275 That all an nals ire j oduced fiom egg'. {O/iine 
vtvum Kt, ovo ) la an old adige n Zoology, whch modern 
researches ! ave fully co firmed In tracing bick the phases 
of an mal I fe ve var ably arr ve at an epoch when the 
inc p ent an ma! s enclosed « h n in egg It is then called 
an embri/o, and the period passed in this conditiou is called 
the embryonic pei lod 

276. Before the various classes of the inimil kingdom 
had been attentively studied duung the embiyonic pencJ, 
all animals were dmded into two great divisions the ovip- 
arom, comprising those which la\ egg?, sui h as birds, 
reptiles, fishes, insects, mollusks, &x; , and the ll^^parous, 
which bring forth their young alive, like the mammiUa, and 
a few from othei oiders,a3 the sharks, vipers, &c This 
distinction lost much of its importance when it was shown 
that viviparous animilsare prod iced fiom eggs, as well as 
the oviparous ; only that their eggs, instead of being H d 
before the developmfnt of the embryo begmb, undergo their 
early changes in the body of the mother Piodnction from 
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eggaehovild tliorefore, V>o considered as a universal cliarac 
(eristic of this Animal Kingdom, 

277. Form of the Egg. — The general form of the egg 
is more or lesa spherical. The eggs of birds have the form 
of an elongated spheroid, narrow at one end ; and this 
form is so constant, that the term oval has been universally 
adopted to designate it. But this is hy no means the usua" 
form cf the eggs of other animals. 
In most instances, on the contra- 
ry they are spherical, especially 
among the lower animals. Some 
have singular appendages, as those 
of the skates and sharks, (Fig. 95,) 
a hand-harrow, with four hooked hi 
eggs of the hydra, or fresh 
polyp, are thickly 
prickles, (Fig, 

certain insects, the Podurella,for 
example, are furnished with fila- 
ments which give them a hairy 
aspect, (Fig. 97 ;) others are cylindrical 
frequently the surface is sculptured. 

378. Formation of the Egg. — Tlje egg originates witliin 
peculiar organs, called otaries, which are glandular hodie»i, 
usually siiuated m the abdominal cavity So long as the 
eggs remain in the o*arj, they are very minute in s ze in 
this condition they are called oiartan, or primthve eggs 
They are identical in all animals, being, in 
fact, merely little cells (w) containing yolk, 
(y,) and including other smaller cells, the 
germmative veside, (g,) and the geimmatiie 
dot, (d ) The yolk itself, with its membiane, 
{v,) IS foimed wh 
ovary It is afiei«aids enclosed 




r prismatic 



I another 



envelope, the shel! membrane, w hich may r 
12 



n sofi, (i,) 
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or be further suiTounddd by cnlcareoua deposits, the shell 
proper, (Fig. 101, s.) The number of these eggs is large, in 
proportion as the animiil stands lower in the class to which 
It belongs The oiar^ of a herring cotiliins moie than 
25 000 oggs, while that of birds contains i much smiUei 
n imber pf rhips one or two hundred onlv 

279 Otulation — Haviojj attained a certa n cgree of 
maturity, which vines in different cla&ses, the eggs leave 
llie oviiy This is called oiMZadon, and must not le con- 
founded with the IiyiBg of the eggs, which is the subsequent 
expulsion of them from the abdominal cavity, either imme 
dnteljjor through a special canal, the ovidnU OvuHtion 
tike- place at certam seasons of the year, and never be- 
fore thp animal ha? reached a particular age, which is 
commonly that of its full growth In a niajority of ipecies 
oiuhlion IS repeated for a number of jears consecutu elv, 
generally in the spring in terrestrial animals and frequently 
several times a ^ ear , most of the lower aquatic animals, how- 
ever, lay their eggs In the fall, or during winter. In others, 
on the contrary, it occurs but once during life, at the period of 
maturity, and the animal soon afterwards dies. Thus the but- 
terfly and most insects die, shortly after having laid their eggs. 

280. The period of ovulation is one of no less interest tc 
the zoologist than to the physiologist, since the peculiai 
characteristics of each species are then most clearly marked. 
Ovulation is to animals wlint flowering la to plants ; and, 
indeed, few phenomena are more interesting to the student 
of nature than those exbilflted by animals at the pairing 
stason. Then their physiognomy is the most animated, 
their song the most melodious, and their attire the most 
brilliant. Some birds appear so different at this time, that 
zoologists are always careful to indicate whether or not a 
bird is represented at the breeding season. Fishes, and 
many other animals, are ornamented with much brightor 
colo"s at this period 
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2SI. Los/ing. — Aher leaving the ovary, the eggs sre 
either discharged from the animal, that is, laid ; or they 
contioiie their developmsnt within the parent animal, as is 
the case in some fishes and reptiles, as shiiiks and vipers, 
which, for that reason, have been named ono-vivi'parmis 
animals. The eggs of the mammalia are not only developed 
wiihin the moiher, but become intimately united to her ; this 
jreculiar mode of development has received the name of 



Fig. B9. 



283, Eggs are sometimes laid one by one, as in 
Bomelimes collectively 'and in great numbers, as in 
the frogs, the fishes, and most of the invertebrates. 
The queen ant of the African termites lays 80,000 
eggs in twenty-four hours ; and the common hair- 
worm, (Gordius.) as many as 8,000,000 in less than 
one day. In some instances they are united in 
clusters by a gelatinous envelop ; in others they a 
enclosed in cases or between membranous disks, 
forming long strings, as in the eggs of the Pyrula shell, (Fig 
99.) The conditions under which the eggs 
of different animals are placed, on being laid, 
are very different. The eggs of birds, and of 
some insects, are deposited in nests constructed 
for tli^t purpose by the parent. Other animals 
carry their eggs attached to their bodies ; 
Bomet'mes under the tail, as in the lobsters 
and t rats, sometimes hanging in large bun- 
dles "n both sides of the tail, as in the Mo- 
no™l-,., (Fig. 100, ».) "'■"■ 

2S3. Some toads carry them on the back, and, what is 
most ejitraordmary, it is the male which undertakes this 
olfice. Many mollusks, the Unio for example, have ihcm 
enclosed between the folds of the gills during incubation, 
111 the jelly fishes and puljps, they hang in clusters, either 
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ostnch often cuntenls herself with deposilmg her eggs in (he 
sand of the desert, lea ing them to be hatched by the sun. In 
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like manner, th ? eggs of most birds may be liaiched by main- 
laitiing them at the proper temperature by artificial meana. 
Some fishes are also known to build nests and to sit upon 
their i:ggs, as the sticklebacks, sun-fishes, and ca1-fishes ; bu! 
whether they imparl heat fo them or not, is doubtful. 

Before entering into the details of embi^onic transfer 
malions, a few words are necessary respecting the composi 
[ion of the egg. 

286. Composition of the Egg. — The egg is composf>cl 
of several substances, varying in structure, as well as in 
appearance. Thus, in a hen's egg, (Fig. 101,) we have first 
a calcareous shell, (s,) lined by a double membrane the shell 
membrane, (m ;) then an album ous substance the wMle, 
(a,) in which several layers may be d st ng shed withia 
this we find the yolk, (j,) end sed a ts embra e ; and 
before it was laid, there was n tl e m dst of the latte a mi- 
nute vesicle, the germinative ves cle (F g 98 ^ ) co taining 
a still smaller one, the germinattve dot, (d.) These different 
parts are not equally important in a 
physiological point of view. The 
most conspicuous of them, namely, „ 
the shell and the white, are not es- 
sential parts, and therefore are often 

_ wanting ; while the yolk, the ger- 
minative vesicle, and the germina- 
tive dot are found in the eggs of 

all animals ; and put of these, and of these only, the germ 19 
formed, ia the position shown by Fig. 101, e. 

287. The vitellus or yolk (Fig. lOJ, y) is the most essen- 
lial part of the egg. It is a liquid of variable consistence, 
sometimes opaque, as in the eggs of birds, sometimes trans- 
OBVent anil colorless, as in the eggs of some fishes and 
mollusks. On examinatioo under the microscope, it appears 
to be composed of an accumulation of granules and oil-dropsi 

19* 
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The yelk is surrounded by a very thin eltin, tJie vitelline 
membrane, 't'ig. 98, v.) !o some insects, ivlien the albumen 
is wanting, this membrane, surrounded by a layer of pecu- 
liar cells, forms the exterior covering of the egg, whicli, in 
such cases, is generally of a firm consistence, and sometimes 
even horny. 

288. The germinative vesicle (Fig. 98, g) is a cell of ex- 
treme ielicacy, situated, in the young egg, near the middle 
of the yolk, and easily recognized by the greater transpar- 
ency of its contents when the yolk is in some degree opaque, 
as in the hen's egg, or by ils outline, when the yolk itself ia 
transparent, as in eggs of fishes and moUusks. It contains 
one or more little spots, somewhat opaque, appearing as 
small dots, the germinal dots, (d.) On closer examination, 
these dots are themselves found to contain smaller nucleoli. 

989. The aliumen, or while of the egg, {Fig. 101, a,) is 
a viscous substance, generally colorless, but becoming 
opaque white on coagulation. Voluminous as it is in birds' 
eggs, it nevertheless plays but a secondary part in the histo- 
ry of their development. It is not formed in the ovary, like 
the yolk, but is secreted by the oviduct, and deposited around 
the yolk, during the passage of the egg through that canal. 
On this account, the eggs of those animals in which the ovi 
duct is wanting, are generally without the albumen. In 
b rds the albumen consists of several layers, one of which, 
the chala (r (c,) is twisted. Like the yolk, the albumen is 
surrou ded by a membrane the shell membrane, {m,) which 
g e tl er s n^^le or double and n b rds, as also in some 
reptles a d mollusks s aga n protec ed by a calcareous 
cover I g for g i true shell {s ) In most cases, how- 
ever, tl s e elop con n es n embn ous, particularly in the 
eggs of the mollusks most cr stacea a and fishes, salaman- 
ders, frogs 4.C Some mes t is horny, as in the sharks 
and skates 
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THE YOTTNG WITHIM THE EGO. 

290. The formation and development of the young ani- 
mal within the egg is a most mysterious phenomenon. From 
a hcn^s egg, for example, surrounded hy a shell, and com- 
posed, as we have seen, (Fig. 101,) of albumen and yolk, 
with a minute vesicle in its interior, there is produced, at the 
end of a certain time, a living animal, composed apparently 
of elements entirely different from those of the egg, en- 
dowed with organs perfectly adapted lo the exercise of all 
the functions of animal and vegetative life, having a pul- 
sating heart, a digestive apparatus, organs of sense for the 
reception of outward impressions, and having, moreover, the 
faculty of performing voluntary motions, and of experi- 
encing pain and pleasure. These phenomena are certainly 
sufficient to excite the curiosity of every intelligent person. 

291. By opening eggs which have been subjected to incu- 
bation during different periods of lime, we may easily satisfy 
ourselves that these changes are effected gradually. We 
thus find that those which have undergone but a short incu- 
bation exhibit only faint indications of the future animal ; 
while those upon which the hen has been sitting for a 
longer period include an embryo chicken proportionally 
more developed. Modern researches have taught us that 
these gradual changes, although complicated, and at firsl 
sight so mysterious, follow a constant law in each great 
division of the Animal Kingdom. 

292. The study of these changes constitutes that peculiar 
branch of Physiology called Embetology. As there are 

1 the four great departments of the Animal 
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whole animal. 

295. The changes commeoce, in most animals, soon after 
the eggs are laid, and are continued without interruption 
until the development of the young is completed ; in others, 
birds for example, they proceed only to a certain extent, and 
are then suspended until incubation fakes place. The yolk, 
which at first consists of a mass of uniform appearance, grad- 
ually assumes a diversified aspect. Some portions become 
more opaque and others more transparent ; the germinal 
vesicle, whicn was in the midst of the yolk, rises to its upper 
part where the germ is to be formed. Tliese early changes 
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are accompanied, in some animals, By a rotation of the yolk 
witliin the egg, as may be distinctly seen in some of the 
molluaks, especially in the snails, 

S96. At the same time, the yolk uadergoes a peculiai 
process of segmentation. It is first divided into halves, 
forming distinct spheres, which are again regularly sub- 
divided info two more, and so on, till the whole yolk as- 
SimiBS the appearance of a mulberry, each of the spheres of 
which it is composed having in its interior a transparent 
vesicle. This is the case in mammalia, most mollusks, 
worms, &G. In many animals, however, as in the naked 
reptiles and fishes,* this segmentation is only partial, the 
divisions of the yoik not extending across its whole mass. 

297., But whether complete or partial, this process leads 
to the formation of a germ comprising the whole yolk, or 
rising above it as a disk-shaped protuberance, composed of 
little cells, which has beon variously designated under the 
names of germinative liislc, proligerous disk, blastoderma, 
germinal membrane. In this case, however, that portion of 
the yolk which has undergone less obvious changes forms, 
nevertheless, part of the growing germ. The disk again 
gradually enlarges, until it embraces the whole, or nearly 
ihe whole, of the yolk. 

298. At this early epoch, namely, a few days, and some- 
times a few hours 
after development 

has begun the ^^^^^ yf% 
germ proper con 
sists of a siigle 
layer compo&ed 



• In the Birds ana higher reptiles we find, in the : 
mgan, called cioatrioula. which may, neverlbeleEs, 
B similar procjis before it was Idd. 
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of very niiiiute cells, all of which are alike in appeaiance 
and forwi, {Fig. 102, g.) But soon after, as the germ increases 
in thicKneas, several layers may be diacerned, in vertebraled 
animals^ (Fig. 103,) which become more and more distinct. 

299. The upper layer, (s,) in which are subsequently 
formed the organs of animal life, namely, the nervous sys- 
tem, the muscles, the skeleton, &c., (59,) has received the 
name, of serous or nenoiis layer. The lower layer, (m,) 
which gives origin to the organs of vegetative life, and espe- 
cially to the intestines, is called the mucous or vegetative 
layer, and is generally composed of larger cells than those 
of the upper or serous layer. Finally, there ia a third 
layer, (ii,) interposed between the two others, giving rise to 
the formation of blood and the organs of circulation ; whence 
it has been called blood layer, or vascular layer. 

300. From the manner in which the germ is modified, we 
can generally distinguish, at a very early epoch, to what de- 
partment of the animal kingdom an individual is to belong. 
Thus, in the AriJculata, the germ is divided into segments, 

indicating the transverse divisions 

©^^^- of the body,as, for example, in the 

aTa embryo of the crabs, (Fig. 104.) 
■tlHv '^^^ S'^'"'" '*'" ^^^ vertebrated ani- 
^H)^p mals, on the other hand, displays 
^■^ a longitudinal furrow, which marks 

Fig. 104. Fig. 105. (i^g position the future back-bone 
is to occupy, (Fig. 105.) 

301. The development of this furrow is highly important, 
a' indicating the plan of structure of vertebrated animals in 
general, as will be shown by the following figures, which 
represent vertical sections of the embryo at different epochs.* 

oiigh the mid- 
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At first the furrow (Fig. 106, &) is very shallow, and a lit- 



Flg. 106. F%. 107. Fig- 108. 

lie transparent, narrow band appears under it, called the 
fitimUioe sp-ipe,(a.) The walls of the furrow consist of two 
raisid edges formed by a swelling of the germ along both sides 
of the primitive stripe. Gradually, these walls grow higher, 
and we perceive that their summits have a tendency to ap- 
proach each other, as seen in Fig. 107 ; at last they meet 
and unite complefely, so that the furrow is now changed 
into a closed canal, (Fig. 108, b.) This canal ia soon filled 
with a peculiar liquid, from which the spinal marrow and 
brain are formed at a later period. 

303, The primitive stripe is gradually obliterated by it 
pecuhar organ of a cartilaginous nature, the dorsal cord 
formed in the lower wall of the dorsal canal. This is founc 
in the embryos of all vertebrates, and is the representative 
of the back-bone. In the mean time, the margin of the 
gerrn gradually extends farther and farther over the yolk, so 
as finally to enclose it entirely, and form another cavity in 
which the organs of vegetative life are to be developed 
Thus the embryo of vertebrates has two cavities, namely, 
the upper one, which is very small, containing the nervous 
system, and the lower, which is much larger, for the intes- 
tines, (161.) 

303. In all classes of the Animal Kingdom, the embryo 
proper rests upon the yolk, and covers it like a cap. Bu[ 
Ihe direction by which its edges approach each other, and 
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unite tt form the cavity of the body, is very unlike in dif 

ferent animals; and these several modes 

are of high importance in classification. 
Among the Vertebrates, 1 he embryo lies 
with its face or ventral surface lowarils 
the yolli, (Fig, 109,) and thus the suture, 
or line at which the edges of the germ 
unite to enclose the yolk, and which in 
Fig. 109. the mammals forms the navel, is found 

in front. Another suture is found along 

the biiclt, arising from the actual folding upwards of the 

upper surface of the germ, to form the dorsal caviiy. 

304. The embryo in the Articulata, on the contrary, lies 
with its back upon the yolk, as seen in the following figure, 

which represents an embryo of Podurella; 
consequently the yolk enters the body on 
that side; and the suture, which in the 
vertebrates is found on the belly, is here 
found on the back. In the Cephalopoda 
_ the yolk communicates with the lower 

Fig. 110. side of the body, as in Vertebrates, but 

there is no dorsal cavity formed in thenl. 
tn the other Mollusks, as also in the Worms, there is this 
peculiarity, that the whole yolk is changed at the beginning 
into the substance of the embryo ; whilst in Vertebrates, and 
the higher Articulates and Mollusks, a part of it is reserved, 
till a later period, to be used for the nourishment of the em- 
bryo. Among Radiata, the germ is formed around the jolk, 
and seems to surround the whole of it, from the first,* 

305. The development of the embryo of the vertebrated 
niiimals may be best observed in the eggs of fishes. Being 
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trajisparent, they do not require to be cut open, and, by 
sufficient caution, the wbole seriea of embryonic changes 
may be observed upon ihe same individual, and thus the suc- 
cession in which the organs appear be ascertained with pre- 
cision ; whereas, if we employ the eggs of birds, which are 
opaque, we artj obliged lo sacrifice ao egg for each obser- 

306, To illustrate these general views as to the develop- 
njent of the embryo, we will briefly describe the principal 
phases, as they have been observed in the White-fish of Eu- 
rope, which belongs to the salmon family. The following 
magnified sections will illustrate this development, and show 
Ihe period at which the diflerent organs successively appear. 





307 The egg ^hen la 1 (Fi„ 111 ) sspherical about tht, 
size of a small pe i, and nearly traaflparent It has no albu 
men, and the shell membrane is so closely attached to the 
mpmbiane of the yolk, that they cannot be distinguished. 
Od like globules are scattered through the mass of the yolk, 
or grouped into a sort of disk, under which lies the germina- 
tive vesicle. The first change in such an egg occurs a few 
hours after it has been laid, when the shell membrane sepa- 
rates from (he yolk membrane, in consequence of the ab- 
sorption of a quantity of water, (Fig, 313,) by which the 
egg increases in size. Between the shell membrane (s m) 
and the yolk, (j),} there is now a considerable transparent 
space, which corresponds, in some respects, to the albumen 
found in the eggs of birds. 

308. Soon afterwards we see, in the midst of the oil-like 
J3 



HnslcdhyGoOgIC 



14(> BMb.-y LOGY. 

globules, a swelling in the shape of a trari'^iiarent le&Kle, 
(Fig. 113, g,) composed of very delicatt, celh This i& thu 
first indicaiion of the germ. This swelling rapidly eniirges 
until it envelops a greai part of the yolk whe a. dep ■e™ on 




formed upon it, (Fig. 114.) This d 

a deep furrow, and sooq after i second lu o 
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between two little ridges, whose edge* "f-nstamly appro 




Fig. 117. Fig. 118. fig. 119. 

esah oiher until they unite and form ? canal, Fig. J 17, 0, 
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US has been before shown, (Fig. 107.) A; the same time, 
an enlargement at one cnil of the furrow ia observed. This 
is the rudiment of the head, (Fig. 118,) in which may soon 
be distinguished traces of the three divisions of the lirain, 
'Fig. 119,) corresponding to tho senses of sight, (m,) hear- 
i.g, (.,) .nd smell, (p.) 

310. Towards the thirteenth day, we see a transparent, 
cnrtilaginous cord, in the place afterwards occupied by tho 
hack-bone, composed of large cells, on which transvers 




Fig. 121. 



F.a ui 



divisions are successively forming, (Figs. 120, 121, c.) ITiis 
is the dorsal cord, a part of which, as we have before seen, is 
commork to all embryos of vertebrated animals. It always 
precedes the formation of ihe bick bone and in some 
fishes, -xa the sturgeon, thn carldapinous oi embryonic state 
IS permanent through hfe, and no true back bone is ever 
formed Soon after, the fir^l rudiments ot the eye appear 
m the form of a fold m the exlemal membrane of the germ, 
m which the crystalhne lens (Fig 121 a) is afterwards 
formed At the same time we see, at the posterior part 
of the head, an elhpticT.1 vesicle, which is the rtidiment of tho 
ear At this period, the distmi-ticn between the upper iuid 
ihe lower Hyer of the germ is best traced , all the changee 
mentioned abo\e apppiliimng to the upper layer. 

ail After the fevLnlernth d-\s the lower layor divides 
inio iivi sheets, the inferior of ivhich becomes the inicsniio 
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The lifiart shows Itself about tl 
of a simple cavity, (Fig. J21, ) 
of cells belonging to the middle 
as the cavity of the heart is c 
contraction and expansion are 
of blood are seen to rise and 



313. There is as j-et, howev 
until the thirtieth day that its fi ra 

existence of two currents, one r 

other towards the trunk, (Fig. ) m rn g 

currents. At this time the livei g m M 

while, the embryo gradually dis 

I'rom its adherence to the yolk ta m d 

the young animal moves it in v 

313. The embryo, although gg 

unites all the essential condit h 

functions of animal life. It ba 
sating heart and circulating blood 
taneously. But the forms of the 
nor have they yet acquired the 

izes the class, the family, the g T 

young White-fish is as yet only g rj- 

eral, and might as well be taken for the embrj o of a fro^, 

314 Towards the close of the embryonic period, after the 
fortieth da\ , the embryo acquires a more definite shape. 
The head is more completely separated from the yolk, the' 
jaws protrude, and the nostrils approach nearer and nenrer to 
the end ol the snout ; divisions are formed in the fin which 
surrounds the body ; the anterior limbs, which were itidieated 
onlj by a small protuberance, assume the shape of fins ; aod 
finally, the openings of the gills appear, one after the other 
so that we cannot now fail to recognize the typo of fishes 

315. In this stale, the young white-fish escapes from the 
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Kgg, about the sixtieth day afrer it i 
its development is stil 
incomplete. The out 



Hid, {Fig. 123,) l.ut 



g s and e pe Fig. 123. 

o h h h fi h 

an we d n 1 its order only. The operciila 
g an ed; the tefs.h are wanting; the 

fi y n lie mouth is underneath, and it 

mes its final position at the most 
p ^ g P " h h d The remainder of the yolk is 
suspended from the belly, in the form of a large bladder, but 
it daily diminishes in size, until it is at length completely taken 
into the animal, {304.) The duration of these metamorphoses 
varies extremely in dilierent fishes ; some acconiplish it in the 
course of a few days, while in others, months are required. 



315 a. In frogs and all the naked reptiles, the development is very 
similar to that of flsheB. It is snmewhat different in the scaly rep- 
tjlee, (snakes, lizards, and turtles,) which have poouKat membranes 
surrounding and protecting the embryo during its grouth. Prom 
one of the'^'' eoTelopes, the allantote, (Fig- 125, o,) is derived theii 
common name oi Ailanloldian Verieirates, in opposition to the naked 
reptiles and fishes which are called Anally t fi'ai 

315 S. The Allantoldan Vertebrate'* d tier from each other n 
several essential pecnhar ties Ajnon^, Bu'l as ivell as n the e Jj 




the embryo la already dis- 
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316 V=i a g neral fart t should be f he Ht J ll i 
the en 1 pc \\ el [.rutect the egg i d also he e br)0 
are the more q merou*? and coupl citi.d as a mils belong 
to a h gl er chas at d ) roduce a smaller a be of eggs 
This is J ^rt cokrly ev de t vhen contras n^ the n umer 
able eg^s of fisl es d scharged almost ti o proiec on 



enga^ng t^elffromthe k a 1 Id s „ around the b dytrom the 
upper layer of the germ, so as to present, in a longitudinal section, 
two prominent walls, (Pig. I2i, xx.) These walls, converging from 
all aides upwards, ris3 gradually till they unite abqTe the middle of 
the back, (Fig. 125.) When the junction is effected, which in the 
hen's egg takes place iu the course of the fourth day, a cavity l9 
formed between the back of tlie embryo (Fig. 126, e) and the new 
membrane, whose walls are called the amnios. This cavity becomes 
filled with a peculiar liquid, the ammolic water. 

315 0. Soou after the embryo has been enclosed in the amnios, a 
shallow pouoh forms from the mucous layer, below the posterior ex- 
tremity of the embryo, between the tail and the vitelline mass. This 
pouch, at first a simple KtUe sinus, (Fig. 123, a,) grows larger and 
larger, tiU it forms an extensive sac, the ailantnis, turning backwards 
and upwards, so as completely to separate the two plates of the am- 
nios, (Fig. 126, a ) and finally enclosing the whole embryo, with its 




Fig. 12S. 
amnios, in another large sac. The tubular part of this sac, ■which ia 
nearest the embryo, is at last transformed into the urinary bladder. 
The heart (ft) is already very large, with mniute arterial threads 
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into the water, with the we 1 1- prelected eggs of birds, and 
still more with the growth of young mammals within the 
body of the mother. 

317. But neither in Gshea, nor in reptiles, nor in birds, 
does the vitelline membrane, orany other envelope of the egg, 
luke any part in the growth of the embryo ; while on the 




Fi? 127 



paasing off from it At this period there exist true gilli upon ti. e 
aides of the neck, md a branchial respiration g 

315 rf. The develo] merit ot 
maminala axhibiti tho folloiving 
peculiarities The egg ib ex 
ceodingl)" minute ilmoft mi rn 
Hcopic, although compo e 1 of the 
same essential elements as those 
of the low er animals The vitel 
line membrane tailed honuii iti 
this class of animals la comparalivelv thicker, (Fig 127 t ,) aln nva 
soft, surrounded by pecuhar cells being a kind of albumen The 
chorion soon gr)ws proportionally larger than the vitelliiiB sphere 
itselt (Fig 128 J ) BO as no longer to invest it directly, being sepa 
rated from it by an empt) spacL, (ft.) The germ is louncd m the 
Bamo position as in the other classes of Vertebrates, namely, at the lop 
of the vitollus, (Fig. 
129 ;) and here also ~ 

two luj;ers may be 
distinguished, the up- 
per or serous layer, (s,) 
and tho lower or ma- 
eou» layer, (m.) As 
it gradually enlarge, 
the stirfaoe of the 
chorion becomns cov- 
ered with little fringes, which, at a later epoeh, will be attached n 
the mother by means of similar fringes arising froir the walls >. 
;he matrix, or organ 'vhich contains the orabrj o. 

■iU'e. The r-nbvyo itself uiidergof.s, within the cnonon rhnnite 
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contraiy, ill the inammais, the chorion, which correspc ida 
to the vitelline membrane, is vivified, and finally becomes 
attached to the materna! body, thus establishing a direct con* 
oection between the young and the mother ; a connection 
which is again renewed in another mode, after birth, by the 
Kdcess of nursing. 



sinular to those described in. birds ; its body and its organs aro 
formed in the same way ; an amnios onoloaea it, and an allantolB 
grows out of the lower extremity of the little animaL As soon us the 
allontolH has surrounded the embryo, its blood yossoIb beocano more 
and more numerous, sa as to extend into the 
fringesofthe chorion, (Fig. 131,pe;) while, 
on the other hand, similar vessels from the 
mother extend into the corresponding 
fringes of tto matrix, (p m,) but without 
directly communicating with those of the 
chorion. These two sorts of fringes soon 
become interwoven, s^ as to form an intri- 
cate organ filled with blood, called the pta- Fig. 131. 
ceitta, to which the embryo remains sus- 
pended until birth. 

316 f. From tho feet above stated, it is clear that tbere are three 
modifications of embryonic development among veitebrated animals, 
namely, that of fiBhos and naked reptiles, that of scaly reptiles and 
birds, and that of theroammala, which displaya gradation of more and 
more complicated adnptation. m fishes and the naked reptiles, the 
germ simplj' encloses the yolk, and the embryo rises and grows from 
its upper part. In tt.e scaly reptiles and birds there is, besides, an 
amnios arising from tie peripheric part of the embryo and an allantnis 
growing out of he luwer cavity, both enclosing and protecting th« 
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ZOOLOGICAL IMPORTANCE OF EMBRYOLO-SV. 

318. As a general result of the observations which have 
been mde, up to this time, on the emhryology of the various 
classes of the Animal Kingdom, especially of the veite 
brales, it may he said, that the organs of the body are suc- 
cessively fcimed in the order of their organic importance, 
the most essentiil heing ahvajs the earliest to appear. In 
accordance with this law, the organs of vegetative life, the 
intestines and their appurtenances, make their appearance 
subsequently to tho^ of animal hfe, such as the nervous 
system, the skeleton, &c , and these, in turn, are preceded 
b\ the more general phenomena belonging to the animal as 

319. Thus we have seen that, in the fish, the first changes 
relate to the segmentation of the yolk and the formation of 
the germ, which is a process common to all classes of ani- 
mals. It is not until a subsequent period that we trace Iho 
dorsal furrow, which indicates that the fornjiiig animal will 
have a double cavity, and consequently lelong to the dn'.sion 
of the vertebrates; an indication afterwards fully confirmed 
by the successive appearance of the brain and the organs 
of sense. Later still, the intestine is formed, the limbs be- 
come evident, and the organs of respiration acquire their 
definite form, thus enabling us to distinguish with certainty 
the class to which the animal belongs. Finally, after the 
ogg is hatched, the peculiarities of the teeth, and the shape 
of the cstremit es, mark the genus and species. 

320. Hencs the embryos of different animals resemble 
each otner more strongly when examined in the earlier 
stages uf tha r growth We have already stated that, duriii^ 
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tilmi)st th(! whole period of embryonic life, the young fish 
untl the young frog scarcely differ al all, (313 ;) so it is also 
with the young snake compared with the embryo bird. The 
embryo of the crab, again, is scarcely to be distinguished 
frorei that of the insect ; and if we go still further back in 
the history of development, wo come to a period when na 
appreciable difference whatever is to be discovered between 
Ihe embryos of the various departments. The embryo of 
the snail, when the germ begins to show itself, is nearly the 
sarne ab that of a fish or a crab. All that can be predicted 
at this period is, that the germ which is unfolding itself 
will become an animal ; the class and the group are not yet 
indicated. 

321. After this account of the history of the developmeiil 
of the egg, the importance of Embryology to the study of 
systematic ZtKilogy cannot be questioned. For evidently, if 
the formation of the organs in the embryo fakes place in an 
order corresponding to their importance, ihia succession must 
of itself furnish a criterion of their relative value in classifi- 
cation. Thus, those peculiarities that first appear should be 
considered of higher value than those that appear later. In 
this respect, the division of the Animal Kingdom into four 
types, the Vertebrates, the Articulates, the Mollusks, and the 
Radiates, corresponds perfectly witli the gradations displayed 
bjf Embryology. 

322, This classification, as has been already shown, (61,) 
is founded essentially on the organs of animal life, the ner- 
vous system and the parts belonging thereto, as found in the 
perfect animal. Now, it results from the above account, 
that in most animals the organs of animal fife are precisely 
those that aro earliest formed in the embryo; whereas those 
of vegetative iife, on which is founded the division imo 
classes, orders, and families, such as the heart, the respirator 
apjiaratus, and the pws, are not distinctly formed until after 
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wards. Therefore a classification, to be irue iii<I natural 
must accord with the succession of organs in the embryonic 
development. This coincidence, while it corroborates the 
anatomical principles of Cuvier's classification of the Animal 
Kingdom, furnishes us with new proof that there is a genera! 
plan displayeJ in every kind of development. 

323. Combining these two poinis of view, that of Embry 
ology with that of Anatomy, the four divisions of the Animal 
Kingdom may be represented by the four figures which are 



to be found, at the centre of the diagram, 


at the beginning 


of the volume. 




324. The type of Vertebrates, having 


two cavities, one 


above the other, the former destined to re. 


ceive the nervous 


system, and the latter, which is of a larger : 


5ize, for the inies- 


tines, is repi'esented by a double crescent i 


.inited at the ecu- 


tre, and closing above, as well as belo 




325. The type of Articulata, hav g b I 


one cav v gro v 


ing from below upwards, and tie nervo 


sys ea form g 


a series of ganglions, placed below tl e 


testne s repre 


scnted 'by a single crescent, w h tl e h 


3r s d ected up 



326. The type of Mollusks having also but one cavity, the 
nervous system being a simple ring around the cesophagus, 
wiih ganglions above and below, from which threads go off 
to all parts, is represented by a single crescent with the 
hoins turned downwards. 

327. Finally, the type of Radiata, the radiating form of 
which is seen even in the youngest individuals, is represented 
by a star. 
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CHAPTER ELEVENTH. 



PECULIAR MODES OF IlK.PKODUC-tlC 



GE.lMllPAROUS AND FiSSIPAROUS REPftODIICTION. 

328. We have shown in the preceding chapter, thai ovuia- 
ion, and the development of embryos from eggs, ia common 
o all classes of animals and must be considered as the greal 
> f 1 p 1 f I T ther modes 

f J p g j pi g h w ly 1 ted iiiimber 

f m I b d ly ^emmiparous 

pi m 1 1 1 by m f b d and jissip' 

pi p p by d ; and also 

d y ra d fi y nvolved in 

R p d 10 hi/ h d oc m h polyps, me- 

dusfe, and some of the mfiisoiia. On the stalk, 
or even on the body of the Hydra, (Fig. 132,) 
and of many infusoria, there are formed 
buds, like those of plants. On close exam- 
ination they are found to be young animals 
at first very imperfectly formed, and commu- 
nicating at the base with the parent bodj^ 
from which they derive their nourishment. By 
degrees, the animal is developed ; in most 
the tube '>y which it is connected with the parent 
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\m 



part of the body 



withers away, and the animal is thus detached and becomes 
independent. Others remain through life united to the parent 
stall;, and, in this respect, present a more striking analogy to 
the buds of plants. But in the polyps, as in trees, budding 
is only an accessory mode of reproduction, which pre- 
supposes a trunk already existing, originally the product of 
ovulation. 

330. Reproduction J?; i^wision, or fissiparous reproduction 
is still more extraordinary ; it takes place only in polyps and 
some infusoria. A cleft or fisaur 
takes place, very slight at first, 
but constanliy increasing in 
depth, so as to becomii a 
furrow, like that observed in the 
yolk, at the beginning of embry- 
onic development ; at 
time the contained orgs 
vided and become double, and thus two individuals are formed 
of one, 30 similar to each other that it is impossible to say which 
IS the parent and which the offspring. The division takes place 
sometimes vertically, as, for example, in Vorticella, (Fig, 
133,} and In some Polyps, (Fig. 134,) and sometimes trans- 




Fig, 133. 




, the Paramecia, 
this division occurs as often as three or four limes in a day. 
331, In consequence of this same faculty, many animals 
are able to reproduce various parts of their bodies when 
accidentally lost. It is well known that crabs and spiders, 
on losing a limb, acquire a new one. The same happens 
with tie arms of the star-fishes. The tail of a lizard !s also 
14 
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re ad iiy re produced. Salamanders even potsess the facu'ty 
of reproducing parls of the head, including the eye with all 
its complicated structure. Something similar takes place in 
our own bodies, when a new skin is formed over a wound 
or when a broken bone is reunited. 

332. In some of the lower animals, this power of repara- 
tion is carried much farther, and applies to the whole body, 
60 as closely to imitate fissiparous reproduction. If an earth- 
worm, or a fresh-water polyp, be divided into several pieces^ 
Ihe injury is soon repaired, each fragment speedily becoming 
a perfect animal. Something like this reparative faculty is 
seen in the vegetable kingdom, as well as the animal. A 
willow branch, planted in a moist soil, throws out roots below 
and branches above ; and thus, after a time, assumes the 
shape of a perfect tree. 

333. These various modes of reproduction do not exclude 
each other. All animals which propagate by gemmiparoua 
or fissiparous reproduction also lay eggs. Thus the fresh- 
water polyps (Hydra) propagate both by eggs and by buds. 
In Vorticella, according to Ehrenberg, all three modes are 
found ; it is propagated by eggs, by buds, and by division. 
Ovulation, however, is the most common mode of reproduc- 
tion , (he other modes, and also alternate reproduction, are 
only additional means employed by Nature to secure the per' 
petuation of the species. 



ALTERNATE ADD EQUIVOCAL 

334, It is a matter of common observation, that individuals 
of the same species have the same general appearance, by 
which .theii peciliar organization is indicated. The irans 
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mission of these characteristics, from one generation lo the 
next, is justly considered as one of the great laws of the 
Animal and Vegeti^ble Kingdoms. It is, indeed, one of the 
points on which the definition of species is generally founded. 
We would, however, unhesitatingly adopt the new definition 
of Dr, S, G. Morton, who defines species to be " primordial 

335, But it does not follow that animals must resemble 
their parents in every condition, and at every epoch of their 
existence. On the contrary, as we have seen, this resem- 
blance is very faint, in most species, at birth ; and some, 
such as the caterpillar and the tadpole, undergo com- 
plete metamorphoses before attaining their final shape as the 
butterfly and frog. Nevertheless, we do not hesitate to refer 
the tadpole and the frog lo the same species ; and so with the 
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he mouth, (m,) however, being free in each, (Fig. 135' 




Tia; 13-1 

The infhviiluals thus ji ined m floating colonies produce eggs ; 
but in each animal there is generally but ono egg formed, 
which IS developed m the body of the parent, and from 
which 13 hatched a httle moilu'.k, (Fig. 136,) which remains 
solitary, and dLfFers in many respects from the parent. This 
little aniiaal, on the other liand, does not produce eggs, but 
propagates by a kind of budding, which gives rise to chaina 
already seen within the body of their parent, («,) and these 
again brJDg forth solitary individual, &e. 

338. In some parasitic worms, alternate generation ia 
accompanied by still more extraordinary phenomena, as is 
by the late discoveries of the Danish naturalist. Steed- 
Among the numerous animals which inhabit stagnant 
n which fresh-water shells, particularly Lyranea and 
Paludina, are found, there is a small worm, 
know to naturalists under the name of Cer- 
cnria, (Fig. 137.) When examined with 
a lens, it looks much like a tadpole, with a 
long tail, a triangular head, and a large 
sucker (a) in the middle of the hody. Va- 
rious viscera appear within, and, among 
others, a very distinct forked cord, (cj 
which embraces the sucker, and which !a 
thought to be the liver. 

339. If we watch these worms, which 
always abound in company with the sheila 
mentioned, we find them after a while attaching themselves, 
byraeoj.s of •heirsucker,lolhe bodiesof thumollusks. When 
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fixxl they soon undergo considerable alteration. Tin; 
which was previously employed for locomotion, is now i 
less, falls off, and the animal surrounds itself with a 
substance, in which it remains nearly motionless, 
like the caterpillar on its transformation into the 
Pupa. If, however, afler some ^me, we remove 
tiie little animal from its retreat, we find it to be 
110 longer a Cerearia, but an intestinal worm, 
called Distoma, having the shape of Fig. 138, 
with wo suckers. The Distoma, therefore, is 
only a particular state of the Cerearia, or, rather, 
the Cerearia is only the larva of the Distoma 
340 Wh 



(Fg 



young Cercarise, the lail and the characteristic 
furcated organ (a) within it being distinctly \ 
140.) These little embryos 



the worm which 
them, and which seemi 
lins no other office tha 
protect and forward the de- 
veiopment of the young 
Cerearia. It is, as it weie, their 
afcount, i' ha*? been called the nw> 
14' 



.ibie, (Fig. 




r envelop. (In this 
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ived the name oi grand-nurses. 

343. Supposing these grand -nurses to be the immediate 
offspring of tlie Distoma, (Fig. 138,) as is probable, we have 
thus a quadruple series of generation. Four generations 
and one metamorphosis are required to evolve the perfect 
animal ; in other words, the parent finds no resemblance to 
himself io anyof his progeoy, until he comes down to the 
great-grandson. 

344. Among the Aphides, or plant-lice, the number of 
generations is still greater. The first generation, which is 
produced from eggs, soon undergoes metamorphoses, and 
then gives birth to a second generation, which is followed by 
a third, nnd so on ; so that it is sometimes the eighth oi 
ninth generation before the perfect animals appear as males 
and females, the scxos being then for the first time distinct, 
and the males provided with wings. The females lay eggs, 
which are hatched the following year, to repeat the same 
accession. Each generation is an additional step towards 
the prefect state ; and, as each member of the succession is 
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generation, it la smd, is to taior Che developmeat of the species in its 
progress towards the perfect state. Among the plant-liee, as arnong all 
the nurses, this end is aocompllshed by means of the body of the nurse. 
Now, a similar end ie accomplished bj tlie working ants and bees, only, 
instead of being performed as an organio function, it is turned into an 
outward activity, which makes them in stinotiveiy watch over the new gen- 
eration, nurse and take care of it. It is no longer the body of the nurse, 
hut its own instincts, which become the instrument of the development. 
This aeema to receive confirmation from tho fact that the working bees, 
like the plant-lice, are barren females. The attributes of their sex, in 
both, seem to consist only in their solicitude for the welfare of the new 
generation, of which they are the natural guardians, but not the parents. 
Hie task of bringing forth young is confided to other individuals, ^i the 
jueen among the bees, and to the female of the last generation among 
the plant-lice. Thus the barrenness of the working bees, which aeemii 
jn anomaly as long as we consider them complete animals, leceives 
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Infusoria, passes in- succession tljrc i^h ill thp phases, wc 
have described. But the remirkable point in inese iiii.li* 
morp.iosea is, that what was at first a single ndividual is 
ihus transformed, by transveise d vision, into a number of 
entirely distinct animals, which is not the cast, in otdinary 
metamorphoses. Moreover, the upper segment does not 
follow the others in their development Its office seema to 
be accomplished so soon as the other segments begin to be 
independent, being intended meiely to fi\or their develop- 
ment, by securing and preparing the subitances necessary 
to their growth. In this respect, it resemblei the nuise of 
ihe Cercaria. 

348 The Hydroid Polyps present phenomeni no It-ss 
n mer is ind Iringe The Campanularia has a bi inr hnig, 
plant like form v. ith httle ci p shaped cells on the ends ind in 
he atils of the brinches each of which contains a little 
an nal These cups have not ill the aime 
organization Those at the e\tiemity of 
the branches (a ) and w} ch appear first, 
are f urn shed with long tenticles, where- 
wth they aeze their food, (Fig 143) 
Those in the axila of the brinchcs, and 
whii,h ippear late, are females, (6,) and 
have no such tentacle'* Inside of the lal 
ler little spherical bodies are found, each 
having se;eial spots in the middle, these 
are the eggs Finally Ihe e is i third 
form, d fierent from the two preced ng, 
produced by b dd ng from the femile polyp, t 
some sort belongs (c ) It is iMthin this that the eggs ar- 
nve after having re named some time w ithin thp iem ile 
Thei office seems to be to completp the incubitun for it is 
always witl in them that ti e eggs are hitched 

JIO 11 little inimal on becoming Irer I a^ n t ihf 
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iliglitest reseniblfiii e o the adult polyp. \.n in Lhe y< iiig 
Medu.=a, the body is cylindrical, covMtid wiiii 
delicate cilia. After having remained free for 
some lime, the young animal fixes itself and ns- 
sumes a Rattened form. By degrees, a little ssvoU- 
ing rises from the centre, which elongates, and nl 
last forms a stalk. This stalk ramifies, and we 
Fig. IW. suon recognize in it the animal of figure 143, 
with the three kinds of buds, which wc may 
consider as three distinct forms of the same animal. 

350. The development of Campanularia presents, in 
some respects, an anulogy to what takes place in the :e- 
production of plants, and especially of trees. They should 
be considered as groups of individuals, and not as single 
individuals. The seed, which corresponds to the embryo 
of the Hydroid, puts forth a little stalk. This stalk soon 
ramifies by gemmiparous reproduction, that is, by throwing 
out buds which become branches. But ovulation, or repro- 
duction by means of seeds, does not take place until an ad- 
vanced period, and requires that the tree should have attained 
a considerable growth. It then produces flowers with pistils 
and stamens, that is, males and females, which are com- 
monly united in one flower, but which in some instances are 
separated, as in the hickories, the elders, the willows, &*.* 

• Seyeral plants are endowed with organs aimilnr to the third form of 
buds, as seen in the Campanularia ; for example, the liTerwort, {MarcMit- 
tia po!iii«<n-plia,) which has at the bsse of the cup a little receptacle, from 
the bottom oE which Uttle disk-like bodies ace constantly forming, which, 
vhen detached, send out roots, and gradual); become complete individu- 
als. Besides that, we tlnd in these anuoals, as in plants, the impoitant 
peouliarily, that all the individuals are united in a common trunk, which 
is attached to the soil; and tliat all are intimaiely dependent on each 
other, as long as they remain united. And if we compare, in this point 
of view, the various species in which alternate reproduction lias been 
absetved, we find that the progress displayed in each type consists pre- 
cisely in the ii crcasins freedom of the individual .n its variouB forms. At 
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351, These various examples of alternate generation ren- 
der it evident, that this phenomenon ought not to be consid- 
ered as an anomaly in Nature ; but as the special plan of de- 
velopment, leadi g tl ose an m s n wh ch t ooc rs o the 
highest degree of perfec n of wl ch 1 ey ire suscept ble 
Moreover, it has been not ced an ong all types of nverte 
bratfl animals ; vh e amo g I e Ver eh atea t s as yet 
unknown. It would seem tl t nd v d al 1 fe n tl e lowei 
animals is not def ned v I n "so prec se i ts is n the 
higher types; o\ ng perl aps to he Rredter u Form y and 
independence of her co ttuent ele ent9 the cells and 
that, instead of pass nj; at o e s nde as ^ ere th ough all 
the phases of the r devclo} men n o de to accoti f 1 sh t 
they must either be born n a ev form as n tl e case of 
alternate general o or undergo mc amorphoses wl ch are 
a sort of second b "th 

e d ^covered be vee al er i e 
3 pi OS s They are pirallel 1 s 
, namely, the development of the 
J see them coexisting in the same 



353. Many analoj 
reproduction t 



species. Nor 1; 



first, wo have all the generations unitsd in a oommon trnnk, as in the 
lower Polyps and in planla; then in the Medusee and in eonie of the 
Hydroid Poljps the third generation begins to disengage itself. Among 
Bome of the intestinal worms, (the Distoma,) the third generation is 
enclosed within its nurse, and this, in its turn, is contained in the bady 
of the grand-nurae, while the complete Distoma lives as a parasitic worm 
in the body of other animals, or e-ven swims freely about in the larva 
Etate, IS Cetoaria. Finally, in the Plant-lioe, all the generntiors, Ibc 
nutsQS js well as the pprfeot [inlmalB, are separate individuals- 
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animal. Thus, in the Cercaria, we have seen an animal pre 
duced from a nurse afterwards transformed iiitc a Distoma, 
by undergoing a regular metamorphosis. 

353. In each new generation, as in each new metamor- 
phosis, a real progress is made, and the form which results 
is more perfect than ila predec<!ssor. The nurse that pro- 
duces h C " ■ m "f 1 ■ f ■ ■ aa 
chrysa fl 

354 B ff 

metam 

that, i m -is g 

all th IS 

Individ m 

a corr fF 

instead of being itself transformed into a frog, should die, 
having first brotjght forth young frogs; or that the chrysalis 
should, in the same way, produce young butterflies. In 
' h h y g w Id 'II belong to the same species, 

b h y 1 fd 1 pm stead of being accomplished 

gl 1 I 1 w Id nvolve two or more acts of 

g 

35 I f II h f h t the general practice of de- 

g th h f P from the sexual forms alone, 

m I h I d I f male, is not applicable to all 

1 f m I I e are large numbers whose 

ph rep d by distinct individuals, en- 

d d I] p I f h r own. Thus, while in the 

h p p d by two individuals only, stag 

d 1 d I M d h other hand, is represented 

1 I f f 1 d ff it types of animals ; the first 

f I k I I f h cond is fixed on a stalk, like 

pljp dhhd s free, consisting in its turn 

f I i f I I h Distoma, also, there are four 
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separate individuals, the grand-nurse, the nurse, the tarva or 
Cercaria, and the Diatoma, in which the sexes are not sepa- 
rate. Among the Aphides, the numher is much .greater 
still. 

356. The study of alternate generation, hestdes making 
IIS better acquainted with the organization of the lower ani- 
mals, greatly simplifies our nomenclature. Thus, in future, 
instead of enumerating the Distoma and the Cercaria, or the 
Slrobila, 'he Ephyra, and the Medusa, as distinct animals, 
belonging to different classes and families, only the name 
first given to one of these forms will be retained, and the 
rest be struck from the pages of Zoology, as representing 
only the transiiorj phise^ ot the 'j'lme specLes 

357. Alternate geneiation alwajs pre'Jupposes several 
modes of reproi ctoi of which the primary s invariably 
by ovulation. Thus we hi.ve '^een that the Poljps the 
Medusa, the Salpa, &.o , pjoduce eggs which are jrenerally 
hatched within the mother The subsequent gei eration on 
the contrary, is produced lo a different manner as we have 
shown in the preceding parigraphs as among the Medusse, 
by transverse division , among the Polj p& and Salps, by 
buds, &c. 

358. The subsequent generations are, moreover, not to be 
regarded in the same light as those which first spring directly 
from eggs. In fact, they are rather phases of development, 
than generations properly so called ; they are either without 
sex, or females whose sex is imperfectly developed. The 
nurses of the Distoma, the Medusa, and (he Campanularia, 
are barren, and have none of the attributes of maternity, 
(except that of watching over the development of the species, 
being themselves incapable of pr iducing young. 

359. Another important result follows from the above ob- 
servations namely, that the differences between animals 
which are ])roduced by alternate generation are less, the 
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earlier ihe epoch at which we examine them. No two ani 
mals can be more unlike than "an adult Medusa (Fig- 31 
aod an adult Campanularia, (Fig, 143 ;) they even seem tc 



subsequently differ so much being not ytt developed To 
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deny the reai.iy of natural groups, because of these early 
resemblances, would be to take the semblance for the 
realilj-. It would bo the same as saying that the frog and 
the fish are one, because at one stage of embryonic life it L" 
impossible, with the means at our command, to distinguish 
them. 

361. The account we have above given of the develop- 
ment, the metamorphoses, and Ihe alternate reproduction of 
the lower animals, is sufEcienl to undermine the old theory 
■jC Spontaneous Generation, which was proposed to account 
for the presence of worms in the bodies of animals, for the 
3iidden appearance of myriad9 of animalcules in stagnani 
water, and under other circumstances rendering their occur- 
rence mysterious. We need only to recollect how the 



D the 



skin and the viscera of moliusks, 
(839, 342,) to understand how 
admission may be gained to the 
most inaccessible parts. Such be- 
ings occur even in the eye of many 
animals, especially of fishes ; they 
are numerous h 
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of Fig. 146. 
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animals, the my ry h 
by recent rese A 

history. At c n p d 
Uallic are iafe d by pa 
worm, from which they are 
richt found that, at certain 
[■onion of the long chain of 
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that most animals have parasites peculiar to themselves. 

364. As respects the Infusoria, we also know that most 
of them, the itotifera eBnecially, lay eggs. These eggs, 
which are extremely minute, (some of them only Tsinii "^ 
an inch in diameter,) are scattered every where in great 
profusion, in water, in the air, in mist, and even in snow. 
Assiduous observers have not only seen the eggs laid, but 
moreover, have followed their development, and have seen 
the young animal forming in the egg, then escaping from it, 
increasing in size, and, in its turn, laying eggs. They have 
been able, in some instances, to follow them even to the fifth 
and sixth generation. 

365. This being the case, it is much more natural to 
suppose that the Infusoria • are products of like germs, thyn 
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J) assign to them a spontaneous origin altof^otlier incompafi- 
Die with what we know of organic development. Theit 
rapid appearance is not at all a&tonishing, when we reflect 
that some mushrooms attain a considerable size in a few 
hours, but yet pass through all the phases of regular growth ; 
and, indeed, since we have ascertained the different modes of 
generation among the lower animals, no substantial dlfiioul- 
ties to the ax'om " nmne eivum sc opo,'" {37f>,) any longer 

15* 
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CHAPTER TWELFTH. 

METAMORPJ0SE8 OF ANIMALS. 

366. Uhdek the name of metamorphoses are included 
those changes which the body of aa animal undergoes after 
its hirth, and which are modifications, in various degrees, of 
its organization, form, and its mode of life. Such changes 
are not peculiar to certain classes, as has been so long sup- 
posed, hut are common to all animals, without exception. 

367. Vegetables also undergo metamorphoses, but with 
this essential difference, that ia vegetables the prooesscon- 
sists in an addition of new parts to the old ones. A succession 
of leaves, diffe ' f ffl tl T I d d tl m m 

old stem, and 

whole body is 

existing parts m m 

body. The c 

having been h m 

carnivorous, a 

life; at the sam 

comes an air- re ts 

pear; lungs a is 

to live and mo 

368 The n mm 

morphoses, as re 

infinitely varie m g g 

present themse m m 
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phoses, are those occurring in insects. Not merely is there 
a change of physiognomy and form observable, or an orgar; 
more or less formed, but their whole organization is modified. 
The animal enters into new relations with the external world, 
while, at the same time, new instincts are imparted to it. It 
has lived in water, and respired by gills ; it is now furnished 
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wa e , nde e guise of a little 



369. Every one is familiar with the metamorphoses of the 
silk-worm. On escaping from the egg, the little worm or 
caterpillar grows with great rapidity for twenty days, when 
itceases to feed, spins its silken cocoon, casta its akin, and 
remains enclosed in its chrysalis atato.* During this period 
of its existence, most extraordinary changes take place. The 
jaws with which it masticated mulberry leaves are trans- 
formed into a coiled tongue ; the spinning organs are reduced , 
the gullet is lengthened and more slender ; the stomach, 
which was nearly as long as the body, is now contracted into 
a short bag ; the intestine, on the contrary becomes elon- 
gated and narrow. The dorsal vessel is shortened. The 
ganglions of the thoracic region approach each other, and 
unite into a single mass. Anlennte and palpi are developed on 
Ihe head, and instead of simple eyes appear compound ones. 
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The muscles, which before were uniformly distributed, (159,) 
are now gathered iDto masses. The limbs are elongated, 
and wings spring forth from the lliorax. More active motions 
then reappear in the digestive organs, and the animal, burst- 
log the envelop of its chrysalis, issues in the form of a winged 
moth. 

370 Tho different external forms which an insect may 
assume is well illustrftled by one which is unfortunately too 
well known in this country, namely, the canker-worm. Its 
eggs are laid on posts and fences, or upon the branches of our 
apple-trees, elms, and other trees. They are hatched about 
the time the tender leaves of these trees begin to unfold. 



Fig 1*7 
The caterpillar (a) feeds on tho leaves, and attams its full 
growth at the end of about four weeks, bemg then not quite 
an inch in length It then descends to the ground, and en- 
ters the earth to the depth of foui or fi*e inches, and having 
excavated a sort of cell, is soon changed into a chrysali= or 
nymph, (b.) At the usual time in the spiing, it bur-its the 
sKiQ, and appears in its perfect state, umlei the form of a 
moth, (d.) In ihia species, however, onlj the male has 
wings. The perfect injects soon pair, the female (l) crawls 
up a tree, and, having deposited her eggs, dies 

37i. Tiansfoimations no less remarkable are observed 
among the Crustacea The metamorphoses in the family of 
Cirrhipedes are especially sinking It is now known tliat 
the barnacles, i^Balanus,) which have been arranged among 
tile mollusks, are truly crustacean? , and this result of modern 
researches has been deduced in the clearest manner from the 
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study of Iheir iransformations. The foliowing figures repi 
sent tke ciiffeienl phases of the diick-barnacle, (Anatifa.) 




d Fig. 148. 

372. The Anafifa, like all Crustacea, is reproduced by 
eggs, specimens of which, magniiied ninety diameters, are 
represented in figure 148, a. From these eggs Utile ani- 
mals issue, which have not the slightest resernblance to the 
parent. They have an elongated form, (b,) a pair of ten- 
acles, and four legs, with which thoy swim freely in the 

373. Their freedom, however, is of but short duration. 
The little animal soon attaches itself by means of its tenta- 
cles, having previously become covered with a transparent 
shell, through which the outlines of the body, and also a very 
distinct eye, are easily distinguished, (Fig. 148, c) Figure 
148, d, shows llie animal taken out of its shell. It is plainly 
seen (hat the anterior portion has become considerably en- 
larged. Subsequently, the shell becomes completed, and 
the animal casts its skin, losing with it both its eyes and its 
tentacles. On the other hand, a thick membrane hnes the 
interior of the shell, svhich pushes out and forms a stem, 
(e,) by means of which the animal fixes itself to immersed 
bodies, afler the loss of its tentacles. This stem gradually 
enlarges, ana the animal soon acquires a definite shaperSnnh 
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M it is rep osoiiteJ in figure 148,/, attached to a piece of 
floating wood 

374. There is, consequenlly, not only a change of (rgani. 
zation in the course of the metamorphoses, but also a change 
of faculties and mode of life. The animal, at first free, 
becomes fixed ; and its adhesion is effected by totally 
different organs at different periods of life, first by means of 
tentacles, which were temporary- organs, and afterwards 
by means of a fleshy stem developed especial.y for that 
purpose. 

375. The Radiata also furnish us witli examples of vari- 
ous metamorphoses, especially among the. star-fishes. A 
small species living op the coast of New England {EcM- 
naster sanguinoJentus) undergoes the following phases, 
(Fig. 149.) 
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are seen to form in the interior of the 


pentagon. At the same time, the peduncle contracts still 
more, being at last entirely absorbed into the cavity of ihp 
body, and the animal soon. acquires its final form, {m.) 
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877. Analogous tranaformalions take place in ll.e Ci oat- 
ula. In early life 
, (Fig. 150) it is 
' fixed lo the ground 
by a stem, but be- ' 

s detached at 
a certain epoch, 
and then floats 
freely in the sea, 
(Fig. 151.) On 
tlie other hand, 

Polypi seem to follow a le verso 

se, many of them becoming fixed to 

' the ground after having been previously 

metamorphoses of mollusks, though less 
striking, are not less worthy of notice. Thus, the oyster, 
with which wo are familiar in its adhering shell, is fn-e 
when youag, like the clam (Mya) and most other shell- 
fishes. Others, which are at first attached or suspended to 
the gills of the mother, afterwards become free, as tlie 0nio. 
Some naked Gasteropods, the Acteon or the Eoiis, for ex- 
mple, are born with a shell, which they part with shortly 
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379. The study of 
utmost importance for 
animals very different i 
(he following instances. 
?eem, at the first glai 
They differ in their or 
ward appearance. But, 



metamorphoses is, therefore, of the 
understanding the real affinities of 
1 appearance, as is readily shown bj 
The butterfly and the earth-worm 
ce, to have no relation whatever, 
ranization, no less than in tiieir out 
iparing the caterpillar and 
the worm, these two animals clooely resemble each other. 
The analogy, however, is only transient ; it lasts only 
during the larva state of the caterpillar, and is eirarfd as it 
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passes to the chrysalis and bullerfly slates. The latter be 
comes a more and more perfect animal, whilst the worm 
remains in its inferior state. 

380. Similar instances are furnished !)y animals belong 
ingto all the types of the Animal Kingdom. Who. would 
think, at first gljHice, that a Barnacle or an Anatifa were 
more nearly allied to the crnb than lo the oyster? And, 
nevertheless, we have seen, (372,) in tracing back the Anat- 
ifa to its early stages, that it then bears a near resemblance 
t,> a little Crustacean, (Fig. 148, d.) It is orJy when full 
grown that il assumes its peculiar moliusk-like covering. 

381, Among the Cuttle-fishes there are several, the 
I*aligo, (Fig. 47,) for example, which are characterized by 
the form of their tentacles, the two interior being much 
longer than the others, and of a different form ; whilst in 
others, as the Octopus, they are all equal. But if we com- 
pare the young, we find that in both animals the tentacles 
are all equal, though they differ in number. The inequality 
in the tentacles is the result of a further development. 

382, Among the Eadiata, the Pentacrinus and the Comat- 
ula exemplify the same point. The two are very different 
when full grown, the latter being a free-swimming star-fish, 
(Fig. 151,) while the former is attached to the soil, like a 
Polyp. But we have seen (377) that the same is the case 
with Comatula in its early period ; and that, in consequence 
of a further metamorphosis, it becomes disengaged from itB 
stem, and floats freely in the water. 

383. In the type of Vertebrates, the considerations drawn 
from metamorphoses acquire still greater importance in ref- 
erence to classification. The Sturgeon and the White-fish, 
before mentioned, (306,) are two very different fishes ; yet; 
taking into consideration their external form and bearing 
merely, it might be questioned which of the two should 
take the highest rank; whereas the doubt is very easily 
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resolved by an examination of their anatomical structure. 
The White-fish haa a skeleton, and, moreover, a vartcbral 
column, composed of firm bono. The Sturgeon, (Pig.152), 



Fig. 153. 
on t!ie contrary, has no bone in the vertebral column, excBpi 
the spines or apophyses of the vertebrse. The middle purt, 
or body of the vertebra, is cartilaginous ; the mouth is trans- 
verse, and undernealh the head ; and the caudal (in is un- 
equally forked, while in the White-fish it is equally forked. 

384, If, however, we observe the young White-fish jusi 
after it has issued from the egg, {Fig. 123,) the contrast will 
be less striking. At this period the vertebrse are cartilagi- 
nous, like those of the Sturgeon ; its mouth, also, is trans- 
verse and inferior, and its tail undivided ; at that period the 
While-fish and the Sturgeon are, therefore, much more alike. 
But this similarity is oniy transient \ as the White-fish grows, 
its vertebras become ossified, and its resemblance to the 
Sturgeon is comparatively slight. As the Sturgeon has no 
such transformation of the vertebree, and is, in some sense, 
arrested in its development, while the White fish undergoes 
subsequent transformation, we conclude that, compared wirh 
the White-fish, it is really inferior m rank 

386. This relative inferiority and superiority sfriltes us 
still more when we compare with our most perfect fishes 
(the Salmon, the Cod) some of tho;>e worm like animals, so 
difl'orent from ordinary fishes that they were formerly placed 
among the worms. The Am- 
oral size, (Fig. 153,) not only 
16 
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observed, tbey arc not less iraporlant. To be satisfied that 
these transformations are in every respect similar to those 
which follow birth, we have only to compare the changes 
which immediately precede birth with those which immcdnlo- 
ly follow it, and we shall readily perceire that the latter arc 
simply a continuation of the former, till all are completed. 
388. Let i-s recur to the development of fishes ff.r IIiih 
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tralion. The young White-fish, ns we have seen, (SIS,) is 
(lit from having acquired its complete development when 
born. The vertical fins are not yet separate , the mouth has 
not yet its proper position ; the yolk has not yet retreated 
within the cavity of the hody, hut hangs helow the chest in 
the form of a large bag. Much, therefore, remains to be 
changed before its development is comjilele. But the fact 
Ihat il has been born does not prevent its future evolution, 
which goes on without interruption. 

389. Similar inferences may be drawn from the develop- 
ment of the chicken. The only difference is, that the young 
cliicken is born in a more mature slate, the most importani 
transformations having taken place during the embryonic 
pei'iod, while those to be undergone after birth are less con- 
siderable, though tbey complete the process begun in the 
embryo. Thus we see it, shortly after birth, completely 
changing its covering, and clothed with feathers instead of 
down ; still later its crest appears, and its spurs begin to be 
developed. 

390. In certain Mammals, known under the name of 
Marsupials, (the Opossum and Kangaroo,) the link between 
the transformations which take place before birth, and those 
that occur at a later period, is especially remarkable. These 
naimals are brought into the world so weaK and undeveloped 
that they have to undergo a second gestation, in a pouch with 
which the mother is furnished, and in which the young remain, 
each one fixed to a teal, until they are entirely developed. 
Even those animals which are born neai'est to the complete 
slate, undergo, nevertheless, embryonic transformations, 
liuminanti acquire their horns ; and the lion his mane. Mosi 
mammars, at birth, are destitute of teeth, and incapable of 
using their limbs; and all are dependent on the mother and 
ihe milk secreted by her, until the stomach is c'ipable of 
digesting other aUments. 
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391. If it be thus ehown that the transform ationa 
■which take place in the embryo are of the same nature, 
aad of the same importance, as those which occur after- 
wards, the circumstance that some precede and others 
succeed, birth cannot mark any radical distinction be- 
tween them. Both are processes of the life of the indi- 
vidual. Now, a& life does not commence at birth, but 
goes- still farther back, it is quite clear that the modifl- 
caUons which supervene during the former period are 
essentially the same as, and continuous with, the latei 
ones ; and hence, that metamorphoses, far fi-om being 
exceptional in the case of Insects, are one of the gen- 
eral features of the Animal Kingdom. 

392. We are, thei-efore, perfectly entitled to say that 
all animals, without exception, undergo metamorphoses. 
Were it not so, we should be at a loss to conceive why 
animals of the same division present such wide differ- 
ences ; and that there should be, as in the class of Eep- 
tiles, some families that undergo important metamor- 
phoses, (the frogs, for example,) and others in which 
nothing of the kind'is observed after birth, (the Lizards 
and Tortoises.) 

393. It is only by connecting the two kinds of trans- 
formations, namely, those which take place before, and 
thoaeafter birth, that we are ftirnished with the means 
of ascertaining the relative perfection of an animal ; in 
other words, these transformations become, under such 
circumstances, a natural key to the gradation of types. 
At the same time, they will force upon us the convic- 
tion that there is an immutable principle presiding over 
al! these changes, and regulating them in a peculiar 
manner in each, animal. 

394. These considerations are exceedingly impor- 
tant, not only from their bearing upon classification, 
but not less so from the application which may be 
made of them to the study of fossils. If wo exam- 
ine attentively the flshea that have been found in 
the different strata of the earth, we remark that 
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those of the most ancient deposila liave,in general, pre&prvcd 
only the apophyses of their vertebrse, whilst the vertebra 
then selves are wanting. Were the Sturgeons of the Amer- 
ican r vers to become petrified, they would be found in n 
aim r s a e of preservation. As the apophyses are the 
only bo y port ons of the vertebral column, they alone 
wo Id be p eserved. Indeed, fossil Sturgeons are known, 
wh ch are n p ec sely this condition. 

395 From tl e fact above stated, we may conclude that 
the oidesl foas 1 fishes did not pass through all the metamor- 
phoses wh cl our osseous fishes undergo ; and, con'iequeiitly, 
that they were inferior to analogous species of the present 
epoch which have bony vertebrte. Similar considerations 
apply to the fossi! Crustacea and lo the fossil Echinoderms, 
when compared with living ones, and will, probably, be 
true of all classes of the Animal Kingdom, when fully studied 
as to thsir geological succession. 
16* 
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ChAPTER THIKTEENTIT. 

GEOGRAPHICAL DISTRIBUTION OF ANIMALS 
SECTION I. 



GENERAL LAWS OF 

396 No animal, excepting man, inhabits c\ ery pan of tite 
surface of llie earth. Each great get graph icil or cliniatal 
region is occupied by some species not found elsewhere, 
and each animal dwells within certain limits, beyond which 
it does not range while left to il9 natural freedom, ind within 
which it always inclines to retum, when removed by ^ccl- 
dent or design. Man alone is a cosmopolite His domain is 
the whole earth. For him, and «ith a view to him, it was 
created. His right to it is based upon his organization and 
hia relation to Nature, and is mimtained by hi9 mtelhgence 
and the perfectibility of his social condition 

897. A group of animals which inhabits any pirticular 
region, embracing all the species, both aquatic and terrestrial, 
is called its Faitka ; in the same manner as the plants of a 
country are called its Flora To be entitled to this name, it 
IS not necessary that none of the animals compo'iing the 
group should be found in any other region , it is sufficient 
that theve should be peculiarities in the distribution Of the 
families, genera, and species, and in the preponderance of 
certain types over others, suffictenll} prominent to impress 
upon a region weli-marked features Thus, for example, id 
tho islands of the Paiilic are found terrestrial animals, alto 
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gellier peculiar, and not found on the nearest cont.nenis. 
There are numerous animals ,n New Holland differiti!^ from 
any found on the continent of Asia, or, indeed, on any other 
part of the earth. If, however, some species inhabiting boih 
shores of a sea which separates two terrestrial regions are 
found to be alike, we are not to conclude that those regions 
have the same Fauna, any more than that the Flora of Lap- 
land and England are alike, because some of the sea-weeds 
found on both their shores are the same. 

398. There is an evident relation between the fauna of 
any locality and its temperature, although, as we shall hero 
after see, similar climates are not always inhabited by similni 
animals, (40], 402.) Plence the faunas of the two hemis- 
pheres have been distributed into three principal divisions, 
namely, the arctic, the temperate, and the tropical faunas: 
in the same manner as we have arctic, temperate, and tropi- 
cal floras. Hence, also, animals dwelling at high elevations 
upon mountains, where the temperature is much reduced 
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tion of the lichens and mosses, become dwarfed, or perish 
under the influence of severe cold, the sea teems witb 
animals of all classes, far beyond the extreme limit of flower- 
ing plants. 
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of Cilifirnm are not the same a? those of New England. 
The diffetence in certain reipects is even greater than 
between the animals of New Enghnd and Europe. In like 
manner, the animals of temperate A&ia differ more from those 
of Europe than they do from those f A nca 

401. Under the torrid zone, the A 1 K gd ra a I! 
OS iho Vegetable, attains its highest d 1 pm a Th n 
mals of the tropics are not only diff f m h f I 
temperate zone, but, moreover, th y p n h g e& 
variety among themselves. The t f II p p 
tloned forms are found by the aide f h m q 
decked with every combination of b II I Ale 
same time, the contrast between the animals ol different con- 
tinents is more marked ; and, in many respects, the animals 
of the difTerent tropical faunas differ not less from each other 
than from those of the temperate or frozen zones. Thus, 
the fauna of Brazil varies as much from that of Central 
Africa as from that of the United States. 

402. This diversity upon different continents cannot de- 
pend simply on any influence if the climate of the tropics 
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if it were so uniformity ought to be rfistored in, proportion 
as we reued s from the tropics towards the antarctic tern 
perale regions. But, instead of this, the differences con- 
tinue to increase ; — so much so, that no faunas are more in 
contrast than those of Cape Horn, the. Cape of Good Hope, 
and New Holland. Hence, other influences must be in oper- 
ation besides those of climate; — influences of a highct 
order, which are involved in a general plan, and intimately 
associated with the development of life on the surface of the 

403. Faunas are more or less distinctly limited, according 
to the natural features of the earth's sorfaee. Sometimes 
two faunas are separated by an extensive chain of moun 
tains, like the Eocky Mountains. Agam, a desert may in- 
tervene, like the desert of Sahara, which separates the fauna 
of Central Africa from that of the Atlas and the Moorish 
coast, the latter being merely an appendage to the fauna 
of Europe, But the sea eflects the most complete limita- 
tion. The depths of the ocean are quite as impassable foi 
marine species as high mountains are for terrestrial animals. 
It would be quite as difficult for a fish or a mollusk to 
cross from the coast of Europe to the coast of America, as 
it would be for a reindeer to pass frcm the arctic to the 
antarctic regions, across the torrid zone. Experiments of 
dredging in very deep water have also taught tis that the 
abyss of the ocean is nearly a desert. Not only are no 
materials found there for sustenance, but it is doubtful if ani- 
mals could sustain the pressure of so great a column of 
water, although many of them are provided with a system of 
pores, (260,) which enables them to sustain a much g-ealef 
pressure than terrestrial animals. 

404. When there is no great natural limit, the transition 
from one fa ina to another is made insensibly. Thus, in 
passing froni he arctic to the temperate regions of North 
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Precisely the reverse of this is actually' the case. The com- 
mon oyster extends at least from the St. Lawrence to the 
Carolinas ; ila range is consequently very great ; much more 
so than fl 
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the contrary, are resti'icted to the more limited regions 
coiresponJing to the different zones of vegetation. The 
same remaric may be made with respect to Birds. Birds of 
prey, such as the eagle and vulture, have a mich wider range 
than the granivorous and gallinaceous birds. Still, notwith- 
standing the facilities they liave for change of place, even 
the birds tl st wander widest recognize limits which they do 
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not overstep. The Condor of the Cordilleras does not de 
3cend into the tetiiparate regions of the United States; and yet 
It is not that he fears the cold, since he is frequently known 
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it ia well known that when fishes migrate, they run along the 
shores. The range of marine species being, therefore, con- 
fined to the vicinity of the shores, their distribution must be 
subjected io laws similar to those which regulate the terres. 
trial faunas. As to the fresh-water fishes, not oniy do the 
species vary in the different zones, but even the different 
rivers of the same region have species peculiar to them, and 
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not found in neighboring streams. The garpikes (I.epi- 
dosteus)of 1h(i American rivers afford a striking example ol 
(his kind. 

409. A very influential cause in the distribution of aquatic 
animals is (he depth of the water ; so that several zoological 
iones, receding from the shore, may be defined, according 
to the depth of water ; much in the same manner as we mark 
different zones at different elevations in ascending moun- 
tains, (398.) The MoIlusks,and eve li the Fishes found near 
the shore in shallow water, difier, in general, from those 
living at the depth of twenty or thirty feet, and these again 
are found to be different from those which are met with at 
a greater depth. Their coloring, in particular, vares, ac- 
cording to the quantity of light they receive, as has also, 
been shown to be the case with the marine plants. 

410. It is sometimes the case thiit one or more animals 
are found upon a certain chain of mountains, and not else- 
where ; as, for instance, the Mountain Sheep {Ovis montana) 
upon the Rocky Mountains, or the Chamois and the Ibex 
upon the Alps. The same is also the case on some of the 
wide plains or prairies. This, however, does not entitle 
such regions to be considered as having an independent 
fauna, any more than a lake is to be regarded as having a 
peculiar fauna, exclusive of the animals of the' surrounding 
country, merely because some of the species found in the 
lake may not ascend the rivers emptying into it. It is only 
when the whole group of animals inhabiting such a region 
has such peculiarities as to give it a distinct character, when 
contrasted with animals found in surrounding regions, thai 
it is to be regarded as a separate fauna. Such, for exam- 
p.e, is the fauna of the great steppe, or plain of Gobi, in 
Asia ; and such indeed that of the chain of the Rocky Moun- 
tains may prove to be, when the animals inhabiting them Bball 
be batter known. 



HnslcdhyGoOgIC 



standing their mifiation durintt winter to the confines of the 
! Tl 1 I pply I fi h 1 

lly I 1 111 d m ra a 1 ta 

grn lyfhpp fj gThSImn 

f rn| I m d 1 h N h spawn he 

f M d N S 

41 F fthMml dh iyfh be 

fRlmk n, ra A hm 

rem k bl f I re I K n I k -ats I Sp g 

they direct their course weulward, in immense troops , and, 
after a very long journev, return agam in Autumn to their 
quarters, where their approach is antiously awaited by the 
it of the fine fiira to be obtained from the 
, which always follow in their train. 
The migrations of the Lemmings are marked by the devas- 
tations they commit along their course, as they come down 
from the borders of the Frozen Ocean to the valleys of 
Lapland aid Norway; but their migrations are not pei-iod- 
ical. 

17 
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413. We have stated that all the faunas of the globe ir.ay 
lie J V ded nto tl ree gro p-s corres or d » to as anv grout 
cl natal 1 v 8 one namely tl e g ao il or arc c t! e temperate 
and the trop cal ftums These hree d v & o s a[ perta to 
bo h 1 em spl eres as we rerede fro n tl e equator o ards he 
ort or south ^olei It v 11 he eafie be si o v hit the 
rop tnl and temperate faunas may be agi d v ded o 
e eral 70olng oil prov nees depend g on long de or on 
1 e pecul ar eo figurat o of the cont len s 

414 No CO t ent s bet er calcula ed to g ve i correc 
d f d r bu on n o faunas as deter n ned by cl nate 
I h t e t of Amer ca exte d g as t does across 

1 h [ heres, and emhracmg all latitudes, so that all 
1 represented upon it, as shown by the chart on the 

ni w g p ge. 

41^. Let a traveller embark at Iceland, which is situated 
on the borders of the polar circle, with a view to observe, 
in a zoological aspect, the principal points along the eastern 
shore of America. The result of his observation will be 
very much as follows. Along the coast of Greenland and 
Iceland, and also along Baffin's Bay, he will meet with an 
uuvaried fauna, composed throughout of the same animals, 
which are also for the most part identical with those of llio 
arctic shores of Europe, It will be nearly the same along 
the coast of Labrador. 

416. As he approaches Newfoundland, he will see the 
landscape, and with it the fauna, assuming a somewhat more 
varied aspect. To the wide and naked or turfy plains of 
llii> boreal regions succeed forests, in which he will find 
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I. Nocth Glacial or Arctic. 

II. Northern TempBiata. 

III. Northern Warm. 

IV. Tropical. 

T. Sonthern Warm. 

VI. Southern Temperate. 
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various animals which dwell only .in forests. Here lie tem- 
perate fauna commences. Still ihe number of species is r.ol 
3'et very considerable ; but aa he advances southward, along 
the coasts of Nova Scotia and New England, he finds new 
species gradually introduced, while those of the colder regions 
dinaitiish, and a' lengtli entirely disappear, some few acci- 
dental or periodica! vi.fiiers excepted, who wander, during 
winter, as far south as the Carolinas. 

417. But it is after having passed the boundaries of the 
United States, among the Antilles, and more especially on 
the southern continent, along the shores of the Orinoco and 
the Amazon, that our traveller will he forcibly struck with 
the astonishing variety of the animals which people the for- 
ests, the prairies, the rivers, and the sea-shores, most of which 
he will also find to be diflerent from those of the northern 
continent. By this extraordinary richness of new forms, he 
will become sensible that he is now in the domain of the 
tropical fauna. 

418. Let him still travel on beyond the equator towards 
the tropic of Capricorn, and he will again find the scene 
change as he enters the regions where the sun casts his rays 
more obliquely, and where the contrast of the seasons is 
more marked. The vegetation will be less luxuriant; the 
palms will have disappeared to make place for other trees ; 
the animals will he less varied, and the whole picture will, 
recall to him, in some measure, what he witnessed in the 
United States. He will again find himself in the temperate 
region, and this he will trace on, till he arrives at the ex- 
tremity of the continent, the fauna and the flora becoming 
more and more impoverished as he approaches Cape Horn. 

419. Finally, we know that there is a continent around 
the South Pole. Although we have as yet but very imper- 
fect notions respecting the animals of this inhospitable clime 
still, the few which have already been observed there present 
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a close analogv to thosp of ttit) arctic region. It is anothci 
giacial fauna, namely, tUe antarctic. Having thus sketoh';(l 
the general divisions of the fauoas, it reroains lo point out 
[he piincipal features of each of them. 

420 I Abciig Fauwa. — The predominant feature of the 
Arctic Fauna is ils uniformity. The species are few in num- 
ber ; hut, on the other hand, the, number of individuals is 
.miiiense. We need only refer to the clouds of hirds which 
iiover upon the islands and shores of the North ; the shoals 
of fishes, the salmon among others, which throng the coasts 
of Greenland, Iceland, aad Hudson's Bay, There is great 
uniformity, also, in the form and color of these animals. Not 
a single bird of brilliant plumage is found, and few fishes 
with varied hues. Their forms are regular, and their tints 
as dusky as the northern heavens. The most conspicuous 
animals are the white-bear, the moose, the reindeer, the 
musk-ox, the white-fox, tho polar-hare, the lemming, and 
various Seals; but the most important are the Whales, which, 
it is to be remarked, rank lowest of all the Mammals. 
Among the Birds may be enumerated some sea-eagles and 
a few Waders, while the great majority are aquatic species, 
such as gulls, cormorants, divers, petrols, duck8,"geese, gan- 
nets, &c., all belonging to the lowest orders of Birds, Eep- 
tiles are altogether wanting.' The Articulata a 
by numerous marine worms, and by min 
tho orders Isopoda and Amphipoda. Insects are rare, and 
of inferior types. Of the type of Moliusks, there are 
Acephaia, particularly Tunicata, fewer Gasteropods, and 
very few Cephalopods. Among the Radiata are a great 
number of jelly-tishes, particularly the Beroe ; and to con- 
clude with the Echinoderms, there are several star-Gshes 
and Echini, but few Holothuda!. The class of Polypi is 
very scantily represented, and those producing stony corals 
are entirely wan-ng. 
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421. This assiiinblage of animals is evidently inferior lu 
that of other faunas, especially to those of the tropics. Not 
that there is a deficiency of animal life ; for if the species 
are less numerous, there is a compensation in the multitude 
of individuals, and, also, in this other very significant fact, 
ihni the largest of all animals, the whales, belong to this 
fauna. 

422. It has already been said, (400,) that the arctic fauna 
of the three continents is the same ; its southern limit, how- 
eve s no a regular line. It does not correspond precisely 
» le polar circle, but rather to the isothermel zero* that 

s he 1 ne here the average temperature of tVlfe year is at 
32 of Fa enheit. The course of this line presents ni'mer- 
s u d la ons. In general, it may be said to coincide with 
the northe limit of trees, so that it terminates where forest 
V ge a on succeeds the^'ast arid plains, the barrens of North 
Ame ca o the tundras of the Samoyedes. The uniformity 
of 1 e e pi ns involves a corresponding uniformity of plants 
and animals. On the North American continent it extends 
much farther southward on the eastern 'shore than on the 
western. From the peninsula of Alashka, it bends north- 
wards towards the Mackenzie, then descends again towards 
the Bear Lake, and comes down nearly to the northern shore 
of Newfoundland. 

423. II. Tempehate Faonas. — The faunas of the tern- 
peiale regions of the northern hemisphere are much more 
varied than that of the arctic zone. Instead of consisting 
mainly of aquatic tribes, we have a considerable number of 
terrestrial animals, of graceful form, animated appearance, 
and varied colors, tliough less brilliant than those found in 
tropical regions. Those parts of the country covered with 
forests especially swarm with insects, which becon e the food 
of other animrls; worms and terrestrial and flu- a ale mol- 
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424. Still, the dimate is ih I h 
whole extent of this zone t 11 w 1 h 
foliage throughout the yea A th m g ! 
leaves, excepting those of tl p dp f II h 
approach of the cold season d g d f 
longer or shorter period. I d h m I 
which live upon them no lo fid 1 d 
obliged to migrate to warrae ^ I h d f h 
tropics, where, amid the ev d g h y fi d 
ibe means of subsistence. 

425. Some of the herbiv M m I 1 B d 
the reptiles which feed oo ii ts p I la 
of torpor, from which they w k p g h 

into dens, and live on the p 1 y !i i p 

during the warm season. T! C h R m ts 

and the most active portion f h R d I ly 

mals that do not change eiti 1 b 1 lib 

The fauna of the temperate h p 

changing picture, which m y b d d f 

most important features, sine h 1 g 1 q I 

constancy in the Old and the New W orld. 

426. Taking the contrast of the vegetation as a basis, and 
the consequent changes of habit imposed upon the denizens 
of the forests, the temperate fauna has been divided into 
two regions ; a northern one, where the trees, except the 
pines, drop their leaves in winter, and a southern one, where 
they are evergreen. Now, as the limit of the former, thai 
of the deciduous trees, coincides, in general, with the limit 
of the pines, it may be said that the cold region of the tem- 
perate fauna extends as far as the pines. In the United 
States this coincidence is not so marked as in otjier regions, 
inasmuch as the pines along the Atlantic coast extend into 
Florida, while ihey do not prevail in the Western States ; 
but we may consider as belonging to the southern portion 
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limitation of the range of Fishes has been noticed by Dr. 
Storer; and Dr. Holfarook has found the Fishes of South 
Carolina to be different from those of Florida and the West 
Indies. In Europe, the northern part of the temperate re- 
gion extends to the Pyrenees and, the Alps ; and its south- 
ern portion consists of the basin of the Mediterranean, to- 
gether with the northern part of Africa, as far as the desert 
of &ihara. 

^8. A peculiar characteristic of the faunas of the tem- 
perate regions in the northern hemisphere, when contrasted 
with those of the southern, is the great similarity of the pre- 
vailing types on both continents. Notwithstanding the im- 
mense extent of country embraced, the same stamp is every 
whure exhibited. Generally, the same families, frequently 
the same genera, represented by different species, are 
found. There are even a few species of terrestrial animals 
regarfled as identical on the continents of F.uropc and 
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Arnericn ; buf their supposed number is consiaiiily (Jimiti. 
ished, as more accurate observations are made. Tlie pre- 
dominant types amoug the mammals are llie bison, deer, ox 
horse, hog, numerous rodents, especially squirrels and hares, 
nearly all ihe insectivora, weasels, martens, wolves, foxea- 
wildcals, &c. On the other hand, there are no Edenlala 
and no Quadrumana, wilh the exception of some monkeys, 
on the two slopes of the Atlas and in Japan. Among Birds, 
there is a multitude of climbers, passerine, gallinaceous, and 
many rapacious birds. Of Reptiles, there are lizards and 
tortoises of small or medium size, serpents, and many ba- 
trachians, but no crocodiles. Of fishes, there is the trout 
family, the cyprinoids, the sturgeons, the pikes, the cod, and 
especially the great family of Herrings and Scomberoids, lo 
which latter belong the mackerel and th* tunny. All classes 
of the MoUusks are represented ; though the cephalopods are 
less numerous than in the torrid zone. There is an infinite 
number of Articulata of every type, as well i 
Polyps, though the corals proper do not yet a 

-^9. On each of the two continents of Europe and Amer- 
ica there is a certain number of species, which e.xtend from 
one extreme of the temperate zone to the other. Such, for 
example, are the deer, the bison, the cougar, the flying-squir- 
rel, numerous birds of prey, several tortoises, and the rattle- 
snake, in America. In Europe, the brown bear, wolf, 
Bwallow, and many birds of prey. Some species have a 
still wider range, like the ermine, which is found from Behr- 
ing's Straits to the Himalaya Mountains, that is to say, from 
the coldest regions of the arctic zone to the southern confines 
of the temperate zone- It is the same with the muskmt, 
which is found from the mouth of Mackenzie's River to 
Florida. The field-mouse has an equal range in Europe 
Other species, on the contrary, are limited to one region 
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Tlie Canadian elk is confined to the noriliern portion of ihe 
faunu ; while the prairie wolf, the fox-squirrel, the Bassaris, 
and numerous birds, never leave the southern portion.* 

430. In America, as in the Old World, the temperate 
fauna is further subdivided into several districts, which may 
bo regarded as so many zoological provinces, in each of 
which there is a certain number of animals difTering from 
ihcse in the others, though very closely allied. Temperate 
America presents us with a striking example in this respect. 
We have, on tile one hand : 

1st. The fauna of the United States properly so called, on 
this side of the Eocky Mountains. 

Sd. The fauna of Oregon and California, beyond those 
mountains. 

Though there are ^ome animals which traverse the chain 
of the Kocky Mountains, and are found in the prairies of 
the Missouri as well as on the banks of the Columbia, aa, 
for example, the Rocky Mountain deer, {Antilope fureifer,) 
yet, if we regard the whole assemblage of animals, they are 
found to differ entirely. Thus, the rodents, part of the 
ruminants, the insects, and all the mollusks, belong to dis- 
tinct species. 

431. The faunas or zoological provinces of the Old World 
which correspond to these are : 

• The typ^s which ate peculiar to tcmpernte America, and are not found 
In Europe, are the Opossum, several genera of Insectivora., among them 
the 3hie<iF-mole (Scaligis aquaiieja) and the stac-nase male, {Condylwa 
oristata,} which replaces the Mygale of ths Old World; several genera 
of rodents, especially the muskrat. Among the tjpes characteristic of 
Amirica must alao be reckoned the snapping- turtle among the tortoises ; 
the Menobranchus and Meiiopoma, among the Salamanders; the Car- 
pike and Amia among the fiahts ; and finally, among the Cruatacea, the 
Limulus Among the types which are wanting in temperate Amerioa, 
andwhichare found in Europe, ma; becited the horse, the wild hoar, end 
tha true mouse, ill the species of domestic mice which live in America 
liave been br )ughl from the OW World 



HnslcdhyGoOgIC 



1st. The fauna of E p 1 h j U I 1 

Lhat of the ITniteil Sta p p 

2d. The fauna of b be p J f m I f 

Europe by the Ural M 

3d. The fauna of h As bl I d 1 h f m wl 

m as yet known of it, pp rs b q d 

4th. The fauna of Ch d T p h h I g 

to lhat of Europe hhBd d h fhU 
Stales in the Reptiles— 1 1 fl 

Lastly, it is io the mp f h h h 

sphere lhat we mee hi k mi 1 

Ihose local faunas 1 h 1 b d bo 

Such, for example, i h f f h Ca>p f 

steppes of Tartary, a d f h W p 

433. The faunas of b h f d i 

from those of the trop h 1 h p 

faunas do; and, like 1 1 b d h d 

two provinces, the Id film P 

But besides differing f m b P 1 f 1" y 

quite unlike each olb b d ff I 

of lhat general rese bl 1 f ly 1 k sa b b 

have noticed betwee 1 b f -is f h p 

of the northern hem pb fi d h I m mpl 

contrasts. Each of h h 1 p II 

jut out southerly into h p m 

separate world. Tb 1 f h A be d 

tropic of Capricorn, " P d ft f I 

al the southern ext nn y f \f lb hy 

boars, and rhinocero f 1 C p t C d H p b 
analogues on the Am d d ft 

equally great betwee h b I pi d fi 1 « 

nni mo.iusks. Am h bra I 

the south ^rn extrem y 1 A p I [ es 

seals and especially m q b 1 1 [ 



HnslcdhyGoOgIC 



433. N 


H II 


d 1 




P 


1 


m I 


Wlh 


which 


ss 


d 


d 


i) k 


1 




fel 


furnish 


f 


II m 1 


1 


d 


b 1 1 






larily t h 


f 


f h 


■1 






I I 


se 


of that 




h 


1 








fi d 


the cur 


h k 


h p d 


1 


d 


1 


i 


1 


(Ccstra 


Phlppt ) h 


ly 1 




P 




f 


fumily 


m 


f 


1 


Cdl 




B 




remark bl 


f 


f h f 




1 


1 


=a 


P 


prevail 


1 


h 1 




ts 


mp 




11 


its trop 1 


P 


h pec 




lyb 


g dfr 




It 


ferptit loc 1 
















4»4. 1 




F - 


Tl 


P 


1 f 




d 


tinguisl d 


11 


1 


by 1 


m 




f 


nnimal 1 


1 1 


mp 


1 


1 h 


b h 


b 


11 y 


of Ihei d 


All ! 


P 1 


yp 


f 


1 


rer 


rcaented 


md 11 






g 




d 


1 


We ne d 


ly f 

1 
1 re 


h 
1 300 I 


b 


f h 


b 


d 
P 


1 h 


numbe 


I 
h 


y 
p f 


ta 


notice, h 


d 


il 


astlie dd 


P 


f U h 


1 


ss f 


1 A 


m 1 


K S 


dom. Th 


I 


' ? 


h 


1 




I 1 


1 h 


Quadr, m 


h 


h b 


b Is 


h 


1 


iyd 


m 


such a h 


1 ph 


h h pp p 




d 1 


1 


A 


the wl 1 


f 1 


f Ed 


1 


H 


1 


f 


d b 


largest f 1 
Ve mn 




b h 1 
1 P 


d 




A 


h 


B d 

lb 


tropical 


g 


h E p I 


h 


1 g 




11 


d 


^iganti 




dfi 11) 

y f 1 




b 


1 


d 






mos 


f 1 




rh 


miirme anii 


nals, as 


, a whole, a 


re equally superior 


to those of 


other regioi 


IS ; the 


seas teem > 


iviih < 


iriistaci 


eans am 


3 numerous 



licphalopods, together wuh an infinite variety of gasteropods 
and ucephala. The Echinoderms there attain a magnitude 



HnslcdhyGoOgIC 



lilE FAUNAS. 205 

and variety elsewhere unknown ; and lastly, the Po'yps there 
display aa activity of which the other zones present no ex- 
ample. Whole groups of islands are surrounded with coral 
reefs formed by those little animals. 

435. The variety of the tropical fauna is furthef enriched 
by the circumstance that each continent furnishes new and 
peculiar forms. Sometimes whole types are limited to one 
continent, as the sloth, the toucans, and the humming-birds to 
America, the giraffe and hippopotamus to Africa ; and again 
animals, of the same group have different characteristics, ac- 
cording as they are found on different continents. Thus, 
the monkeys of America have flat and widely separated 
nostrils, thirty-six teeth, and generally a long, prehensile tail. 
The monkeys of the Old World, on the contrary, have nostrils 
close together, only thirty-two teeth, and not one of them has 
a prehensile tail. 

436. But these differences, however important they may 
appear at first glance, are subordinate to more important 
characters, which establish a certain general affinity between 
all the faunas of the tropics. Such, for example, is the fact 
that the quadrumana are limited, on all the cunlments, to 
the warmest regions ; and never, or hut rarely, penetrate 
into the lempeiate zone This limitation i& a natural con- 
sequence of the diotnbulion of the palms ; for as these trees, 
which constitute the lulmg feature of the flora of the tropics, 
furnish, to a gieat extent, the food of the monkeys on both 
continents, we hjve only to trace the Kmiis of the palms, to 
have a pretty accurate mdicationof the extent of tho tropical 
faunas on all three contments 

437. Several wpO marked faunas Hiay be distinguished in 
(he tropical part of the American continent, namely : 

1, The fauna of Brazil, characterized by its gigantic rep- 
tiles, its monkeys, its Edentata, its tapir, its bumming-biids, 
and its astonishing variety of inserts. 
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3. The fauna of the weslern slope of the Andes, com- 
prising Chili and Peru ; and distinguished by its Llamas, 
vicunas, and birds, wbieb differ from those of the basin of 
the Amazon, as also do the insects and mollusks. 

3. The fauna of the Antilles and the Gulf of Mexico. 
This is especially characterized by its marine animals, among 
which the Manatee is particularly remarkable ; an infinite 
variety of singular fishes, embracing a large number of 
Plectognaths ; also Mollusks, and Eadiata of peculiar species. 
[t is in this zone that the Pentacrinws capvt-medusm is found, 
the only representative, in the existing creation, of a family so 
numerous in ancient epochs, the Crinoidea with a jointed stem. 

The limits of the fauna of Central America cannot yet be 
well defined, from want of sufficient knowledge of the ani- 
mals which inhabit those regions. 

438. The tropical zone of Africa is distinguished by a 
striking uniformity in the distribution of the animals, which 
corresponds to the uniformity of the structure and contour 
of that continent. Its most characteristic species are spread 
over the whole extent of the tropics : thus, the girafie is met 
with from Upper Egypt to ttie Cape of Good Hope. The 
hippopotamus Js found at the same lime in the Nile, the 
Niger, and Orange Eiver. This wide range is the more 
significant as it also relates to herbivorous animals, and thus 
supposes conditions of vegetation very similar, over wide 
..oiintries. Some forms are, nevertheless, circumscribed 
within narrow districts ; and there are marked differences 
between the animals of the eastern and western shores. 
Among the remarkable species of the African torrid region 
are the baboons, the African elephant, the crocodile of the 
Nile, a vast number of Antelopes, and especially two species 
of Orang-outang, the Chimpanzee and the Engeena, a large 
and remarkable animal, only recently described. The fishes 
of the N le have a tropical character, as well as the animals 
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of Amiiia, wliich are more allied to those of Africa t! in tc 
those of Asia. 

439. The tropical fauna of Asia, comprising the two 
peninsulas of India and the Isles of Sunda, is not less marked. 
It is the country of the gibbons, the red orang, the royal 
tiger, the gavial, and a multitude of peculiar birds. Among 
the fishes, the family of Chelodons is most numerously 
represented. Here also are found those curious spiny 
fishes, whose intricate gilis suggested the name Labyrinthici, 
by which they are known. Fishes with tufted gills are more 
numerous bere than in olier seas. The insects and mol- 
lusks are no less strongly characterized. Among others is 
the nautilus, the only living representative of the great fam- 
ily of large, chambered -shells which prevailed so extensively 
over other types, in former geological ages. 

440. The large Island of Madagascar has its peculiat 
fauna, characterized by its makis and its curious rodents. 
It is also the habitat of the Aya-aya. Polynesia, exclusive 
of New Holland, furnishes a number of very curious animals, 
which are not found on the Asiatic continent Such are the 
herbivorous bats, and the Galeopithecus or flying Maki. The 
Galapago islands, only a few hundred miles from the coast 
of Peru, have a fauna exclusively their own, among whioh 
gigantic land- tortoises are particularly characteristic. 

SECTION rn 

CONCLUSIONS. 

441- Prom the survey we have thus made of the distribu- 
tion of the Animal Kingdom, it follows: 

1st. Each grand division of the globe has animals which 
are either wholly or for the most part peculiar to it. These 
groups of animal? constitute the faunas of different regions. 
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3(]. The di\ rs f is not in proiJortioii lo ific 

distnn e which p 1 . Very simildr faunas are 

found at great d j ; as, for example, the fauna 

of Europe and h f United States, which yet are 

separated by a w d hera, on liie contrary, diffei 

considerably, ih gh np ratively short distances; oa 

tile feuna of th Eas Id d the Sunda Islands, and thai 

of New Holland h f a of Labrador and that of New 

England. 

3d. There is a d el n between the richness of a 

fauna and the cl Tl pical faunas contain a much 

larger number f p f t animals than those of the 

temperate and polar regions. 

4th. There is a no less striking relation between the fauna 
and flora, the limit of the former being oftentimes deter- 
mined, so far as terrestrial animals are concerned, by the 
extent of the latter. 

44S. Animals are endowed with instincts and faculties 

p d ! p! J 1 1 f the countries they 

ml b d h 1 Id b f 'ice to them under 

1 m Tl m k y hich is a frugivoroua 

mi ga d f 1 h rees from which he 

b h food Tl d he contrary, whose 

f d nsists f 1 1 I Id egions. The lattei 

Id be q f pi h d zone, and the mon- 

k y Id J 1 th h 1 p 1 r regions. Animals 

wl h p p 11 p 1 to Jemperate or colil 

climates. Their instincts would be uncalled for in tropical 
regions, where the vegetation presents the herbivora with an 
abundant supply of food at all times, 

443. However intimately the climate of a country seems to 
be allied with the peculiar character of its fauna, we are not 
to conclude thai the one is the 5onsequence of the other 
The differences which are observed between the animals of 
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different faunas are no more to be ascribed to tlie influences 
of climate, th&u their organization is to the influence of the 
physical forces of nature. If it were so, we should necessa- 
rily find all animals precisely similar, when placed under 
the same circumstances. We shall find, by the study of the 
differeni groups in detail, that certain species, though very 
nearly alite, are nevertheless distinct in two different faunaa. 
Between the animals of the temperate zone of Europe, and 
those of the United Slates, there is similarity but not iden- 
tity ; and the particulars in which they differ, though ap- 
parently trilling, are yet constant 

444, Fully to appreciate the value of these differences, it 
is often requisite to know all the species of a genus or of a 
family. It is not uncommon to find, upon such an exam- 
ination, that there is the closest resemblance between spe- 
cies that dwell far apart from each other, while species of 
the same genus, that live side by side, are widely different. 
This may be illustrated by a single example. The Menopo- 
ma. Siren, Amphiuma, Axolotl, and the Menobranchus, are 
Batrachians which inhabit the rivers and lakes of the United 
States and Mexico. They are very simila.- in external 
form, yet differ in the fact that some of them have external 
gills at the sides of the head, in which others are deficient ; 
that some have five legs, while others are only provided 
with two ; and also in having either two or four legs. 
Hence we might be tempted to refer thecn to different types, 
did we not know intermediate animals, completing the series, 
namely, the Proteus and Megalobatrachus. Now, the for- 
mer exists only in the subterranean lakes of Austria, and 
tlie latter in Japan. The connection in this case is conse- 
quently established by means of species which inhabit con- 
tinents widely distant from each other. 

445. Neither the distrihution of animals, therefore, any 
nmrn thai their organization, can be the effect of external 
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influencea. We must, on the contrary, see in it the realiza 
tion of a plan wisely designed, the work of a Supremo Intel 
ligence who created, at the beginning, each species of am- 
mal at the place, and for the place, which it inhabits. To 
each species has been assigned a limit which it has no.dis- 
position to overstep, so long aa it remains in a wild state. 
Only those animals which have been subjected to the yoke 
of man, ar whose subsistence is dependent on man's social 
habits, are exceptions to this rule. 

446. As the human race has extended over the surface 
of the earth, man has more or less modified the animal popu- 
lation of different regions, either by e3rterminating certain 
species, or by introducing others with which he desires to be 
more intimately associated — the donjeatic animals. Thus 
the dog is found wherever we know of the presence of man. 
The horse, originally from Asia, was introduced into Ameri- 
ca by the Spaniards ; where it has thriven so well, that it 
is found wild, in innumerable herds, over the Pampas of 
South America, and the prairies of the West. In like 
manner, the domestic ox became wild in South America. 
Many leas welcome animals have followed man in his pere- 
grinations ; as, for example, the rat and the mouse, as well 
as a multitude of insects, such as the house-fly, the cock- 
roach, and others which are attached to certain species of 
plants, as the white butterfly, the Hessian fly, &e. The 
honey-bee, also, has been imported from Europe. 

447. Among the species which have disappeared, under 
Ihe influence of man, we may mention the Dodo, a pecu- 
liar species of bird which once inhabited the Mauritiiiu, 
Bome remains of which are preserved in the British and 
Ashmolean Museums ; also a large cetacean of the north, 
{Rytina Slelleri,) formerly inhabiting the coasts of Behring's 
Straits, a:id which has not been seen since 1768. Aucord- 
mg to all appearances, we must also count among these the 
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great stag, the skeleton and horns of which have been found 
buried in the peat-bogs of Ireland. There are also nianj 
species of animals wiiose numbers are daily diminishing, 
and'whose extinction may be foreseen ; as the Canada dter 
{Wapiti^ the Ibex of the Alps, the Lamraergeyer, ;he 
bison, the heaver, the wild, turkey, &c. 

448. Other causes may also contribute towards dispersing 
animals beyond their natural limits. Thus, the sea-weeds 
are carried about hy marine currents, and are frequently 
met with far from shore, thronged with little crustaceans, 
which are in this manner transported to great distances from 
the place of their birth. The drift wood which the Gulf 
Stream floats from the Gulf of Mexico even to the western 
shores of Europe, is frequently perforated by the larvse of 
insects, and may, probably, serve as depositories for the eggs 
of fishes, Crustacea, and mollusks. It is possible, also, thai 
aquatic birds may contribute in some measure to the diffu- 
sion of some species of fishes and mollusks, either by the 
eggs becoming attached to their feet, or by means of those 
which they evacuate undigested, after having transported 
. them to considerable distances. Still, all these circum- 
stances exercise but a very feeble ioflueuce upon the dis- 
tribution of species in general ; and each country, none the 
less, preserves its peculiar physiognomy, so far as its animals 



ly that of Fis'ies. If we examine the fishes of \\w dilFe 
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nvers of the United States, peculiar species will be fojnd in 
each basin, associated with others which are ooti.mon to 
several basins. Thus, the Delaware Biver contains speciea 
Dot found in the Hudson. But, on the other hand, the pick' 
erel is found in both. Now, if all animals originated at one 
point, aad from a single stock, the pickerel must have passed 
from the Delaware to the Hudson, or vice versa, which it 
could only have done by passing along the sea-shore, or by 
.eaping over large spaces of terra Jlrma; that is to say, in 
both cases it would be necessary to do violence to its organi- 
zation. Now, such a supposition is in direct opposition to 
the immutability of the laws of Nature. 

450. We shall hereafter see that the same laws of distri- 
bution are not limited to the actual creation only, but that 
they have also ruled the creations of former geological 
epochs, and that the fossil species have lived and died, most 
of them, at the place where their remains are found. 

451. Even Man, although a cosmopolite, is subject, in a 
certain sense, to this law of limitation. While he is every 
where the one identical species, yet several races, marked 
by certain peculiarities of features, are recognized ; such as 
the Caucasian, Mongolian and African mces of which we 
are hereafter to speak An 1 t 8 no a 1 tie re nirkable 
that the abiding places of these several races correspo d 
very nearly w tl some of the greit zoolo^ cal reg ons 
Thus we have a nor hern race comp s „ tl e '^t oyedea 
in Asia, the Lapla ders o E rope a d tl e Esqu n aux i 
America, correspond ig to tie arc c fa la (400) aid 
like it, identical on tl e three con nents hav g for its 
southern limit the reg on of trees (422 ) In Afr ca we 
have the Hottentot and Negro races, ra the south and central 
portions respectively, while the people of northern Africa 
arc a lied to their neighbors in Europe ; just as we have 
seen sr be the case with the zoological fauna in general. 
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(403.) Tlje inhabitants of New Holland, like its animals 
are the most grotesque and uncouth of all races, (433.) 

452. The same parallelism holds good elsewhere, though 
not always in so remarkable a degree. In America, espe- 
cially, while the aboriginal race is as well distinguished from 
other races as is lis flora, the minor divisions are not so 
decided. Indeed, the facilities, or we might sometimes 
ratlier say necessities, arising from the varied supplies of 
animal and vegetable, food in the several regions, might be 
expected to involve, with his corresponding customs and 
modes of life, a difference in the physical constitution of 
man, which would contribute to augment any primeval dif- 
ferences. It could not indeed.be expected, that a people 
constantly subjected to cold, like the people of the North. 
aad living almost exclusively on fish, which is not to be 
obtained without great toil and peril, should present the same 
characteristics, either bodily or menta , as those who idly 
regale oti the spontane jus bounties of tropical vegetation 
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CHAPTER FOURTEENTH 



OBOLUGICAL SUCCESSION OF ANIMALS; OR, THEIR 
DISTEIBUTION IN TIME. 



■ THE EjIHTH S CRUST, 

453. The records of the Bible, as well as human tra- 
dition, teach us that man and the animals associated with 
him were created by the word of God ; " the Lord made 
heaven and earth, the sea, and all that in them is;" and 
this truth is confirmed by the revelations of science, which 
unequivocally indicate the direct icterventions of creative 
power. 

454. But man and the animals which now surround him 
are not the only kinds which have had a being. The sur- 
face of oiir planet, Jinterior to their appearance, was not a 
desert. There are, scattered through the crust of the earth, 
numerous animal and vegetable remains, which show that 
Ihe earth had been repeatedly supplied with, and long in- 
habited by, animals and plants altogether different from those 

455. In general, their hard parts are the only relics of 
Ihem which have been preserved, such as the skeleton and 
leeth of Vertebrates ; the shells of the MoUusks and Eadiata ; 
the shields of ihe Crustaceans, and sometimes Ihe wing-cases 
of losccls. Most frequently they have lost iheir original 
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chemLCBl composition, and are changed into stone ; and 
licnce the name of petrifactioris or fossils, under which lat- 
ter terra are comprehended all the organized uod.ea of 
former epochs, obtained from the earth's crust. Jlliers have 
entirely disappeared, leaving only their forms ai d sculpture 
impressed upon the rocks. 

466. The study of these remains and of their position in 
Ihe rocks constitutes Paleomtology ; one of the most essen- 
■ial branches of Zoologv. Their geological distribution, or 
the order of their succ ra h d 

lulion of animals in t% le m rt b h 

geographical distrihuli iJi d 

in space, of which we dp ha 

To obtain an idea of t 

pendens length of time y q d, y 

sketch the principal outlines of Geology. 

457. The rocks* which compose the crust of our globe 
are of two kinds : 

1. The Massive Rocks, called also Plutonic or Igneous 
Rocks, which lie beneath all the others, or have sometimes 
been forced up through them, from beneath. They were 
once in a melted state, like the lava of the present epoch, 
and on cooling at the surface formed the original crust of the 
globe, the granite, and later porphyry, basalt, &c. 

2. The Sedimentary or Stratified Rocks, called also Nep- 
tunic Rocks, which have been deposited in water, in the same 
manner as modern seas and lakes deposit sand and mad on 
then shores, or at the bottom. 

458 These sediments have beeo derived partly from Ihe 
diimtegration of the older rocks, and partly from the decay 
of plants and animals. The materials being disposed in 
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layers or strata, have bem lyhddl a 

slates, marls, or grits, ace d g h h [dm 

chanical composition, ai d h m f h f 

and plants which were se d h hi 

459. The different st wh d b d rr d 

one above the other io h I 1 k h I 

of a book, the lowest h 1 Id I q f 

the commotions which 1 f 1 gl b h d g 

the strata have been rup red d yp ts f h f 
have been elevated lo g 1 1 h f m f m 

tains , and hence it is ll fos 1 m m f d 1 

summit of the highest ill k 

ing them weie onginaily f d 1 bo m f 1 
But even when folded p rtl b k 1 1 g 

may still be determined by n m f h d f 

the upturned strata, where they appear or crop out in sue 
ce^ion, at the surface, or on the slopes of mountains, as seen 
m the diagram, (Fig IM.) 

460 The sedimentary rooks are the only ones which have 
been found to contain animal and vegetable remains. These 
arp found imbpdded in the rock, just as we should find them 
in the mud now deposiited at the bottom of the sea, if laid 
dry. The slrala containing fossils are numerous. The com- 
parison and detailed study of them belongs to Geology, of 

• Tlndemeath the deepest strata oontaining fossils, between these and 
the Plntonio rocks, are generEJIj found very eitensire layers of slates 

known to the geologist under the name of Melamorphic Rooks, (Fig, 154, 
M,) being probably sedimentary rooks, which have undergone consider- 
abl6 changes. The Plutonio rocks, as well as the metamorphio rocks, 
are not always confined to the lower levels, but they are often seen rising 
to considerable heights, and forming many of the loftiest peaks of the 
globe. The former also penetratB, in many cases, like veins, through the 
whole misB of the stratified and metamorphic layers, and espand at the 
sartace ; as ts the case tiiib the trap dykes, and as lava streams actually 
Jo at the present era, (Fig. IM, T. L.) 
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w.iich Paleoiiiology forms an essential part. A group of 
strata extending over a certain geographical estent, all of 
which contain some fossils in common, no matter what may 
be the chemical character of the rock, whether it be lime- 
Btone,aand,orclay, is termed a geological Formation. Thus, 
the coal beds, with the intervening slates and grits, and Ihe 
masses of limestone, between which they often lie, conslitute 
but one formation — the carboniferous formation. 

461. Among the stratified rocks we distinguish ten prin- 
cipal Formations, each of which indicates an entirely new 
era in, the earth's history ; while each of the layers which 
compose a formation indicates but some partial revolution. 
Proceeding from below upwards, they are as follows, as 
mdicated in the cut, and also in the lower diagram on the 
Frontispiece. 




Ist The Lower Silvriart. This U a most extensive for- 
mation, no less than eight stages of which have been made 
aut by Geologists in North America, composed of various 
limestones and sandstones.* 

■• !. Potedam BanaetQTie ; 2. Calciferous Sandstone; 3. Cliazj Lime 

l.imestor.e; 7. Utioa Slate; 8, Hudson River Group ; being nil found la 
ttie n-csttni parte of the United Slates. 
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2d. The Upper SHurian. It is also a veiy exteiisive fo^ 
matioii, since about ten stages of it are ibui.d in t]i6 State of 
New York.* 

3d. The Deoonian, including in North America no less 
Ihan eleven stages.t It occurs also in Kussia and Scotland, 
where it was first made out as a peculiar formation. 

4th. The Carhottiferous Formation, consisting of three 
grand divisions. J 

5th. The JVias, or Saliferous Formation, which, contain- 
ing the richest deposits of Salt on the continent of Europe, 
comprises three stages,^ to one of which the Sandstone of 
the Connecticut valley belongs. 

,6th. The Oolitic Formation, only faint traces of which 
exist on the continent of America. It comprises at least four 
distinct stages. || 

7lh. The Cretaceous, or Chalk Formation, of which three 
principal stages have been recognized, two of which are 
feebl) represented in this country, in the Southern and Mid- 
dle States. 

Btli. The Lower Tertiary, or £locene,very abundant in the 
Southern Stales of the Union^ and to which belong the 
coarse limestone of Paris, and the London clay in England. 

" 1. Ondda Conglcmerate ; 2. Medina Sandstone; 3. Clinton Group; 
4 Hiagara Group; 5. Onondaga Salt Group; 6. Witer limestone; 
7. Pentamerus Limestone; 8. Delthyris Shaly Limestone ; 9. BnciinaJ 
Limestone; ID. Upper Pentamerus Limestone. 

t 1. Oriskany Sandstone; 2. Cauda-Galli Grit; 3. Onondaga Ume- 
Htone; 4. Cornlferous Limestone; S. Marcellus Shale; 6. Uamittoa 
Gioup! 7. Tully Limestone; 8. Genesee Slate; 9. Portage Group; 
10. Chemnng Group i IL Old Red Sandstone. 

t 1. The Permian, extensively developed in Russia, espeoinlljin the 
government of Perm! 2. The eoal measures, containing the righ deposits 
of coal in the Old and New World; 3. Tlie Mognesian Limestone of 
England. 

} 1. New Red Sandstone; 2. Muscheltalk ; 3. Keuper. 

5 1. The Lias; 2. The Lower Oolite; 3. The Middle Oolite ;--l TLe 
Upper Oolite 
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9lli. Tlie Upper Tertiary, or Miocene awA Phioiene, 
found also in the United Stales, as far north as Marthas 
Vineyard and Nantucltet, and very extensive in Southeri 
Europe, as well as in South America. 

lOih, The Drijl, forming the most superficial deposits, 
and extending over o Jarge portion of the nortliern countries 
in both liem spl e es 

We have hus noe h n forty distinct layers already 
made out,eacl of wh ch ma Its a distinct epoch in theeartli's 
history, ind ca g a no e or less extensive and important 
change in tl e co d on of s surface. 

462. All 1 e fo Tia o s re not every where found, or are 
not developed o 1 e same extent, in all places. So it is 
with the so e al n of vhich they are composed. In 
otiier words 1 e layer- of he earth's crust are 
h h Ik 1 ts f Tl 

h gl b 1 re f p ss hi b 

11 1 Id h f d I 



J g d lly f , 



w Id f m d p d b 1 

wldb Iptsh d aa 

deposited, and gradually thin out towards their circumference. 
Wo may therefore infer, that all those portions of the earth's 
surface which are destitute of a eerfaiii formation were dry 
land, during tliat epoch of the earth's history to which sueli 
formalioti relates, excepting, indeed, where the rocks have 
been subsequently removed by the denuding action of water 
or other causes. 
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463. Each formation represenls an iniiiioiisc poriud of 
lime, daring which the earth was inhabited by Kuccessive 
races of animals and plants, whose remains are often found 
in their natural position, in the places where they lived and 
died, not scattered at random, though sometimes mingled to- 
gether by currents of water, or other influences, subsequent 
to the time of their interment. From the manner in which 
the remains of various species are foimd associated in the 
rock, it is easy to determine whether the animals to which 
these remains belonged 1 1 d o th 
beach or in the depths f 1 oc m Id 
climate. They will be f 1 ^^ J •" 
way as animals are that 11 1 fl 

present day. 

464. In most geolog If hi p 
cies of animals and pi fd yllyfg 
extent, is not below ih f I p w i n 
area of equal extent and f 1 h ra f h ugb 
in some deposits, the variety of the animals contained may 
be less, in others it is greater than that on the present surface. 
Thus, the coarse limestone in the neighborhood of Paris, 
which is only one stage of the lower tertiary, contains not 
less than 1200 species of shells ; whereas the species now 
living in the Mediterranean do not amount to half that num- 
ber. Similar relations may be pointed out in America. 
Mr. Hall, one of the geologists of the New York Siu'vey, has 
described, from the Trenton limestone, (one of the ten stages 
of the lower Silurian,) 170 species of shells, a number almost 
equal ta that of all the species found now living on the coast 
of Massachusetts. 

465. Nor was the number of individuals less than al 
present. Whole rocks are entirely formed of animal re- 
mains, particularly of corals and shells. So, also, coal is 
i^ompossd of the remains of plants. If we consider Ihe slow 
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nesa wilh wl ich cora J S " 

Borne fa.nt nation of g m h 

elapsed in order to a d 

their regular deposit! k 

ncss. If, as all thing m p si 

place in a slow and m 

Eiust conclude, that the successive species of animals found 
in tliem followed each other at long intervals, and are not the 
work of a single epoch. 

466. It was once believed that animals were successively 
created in the order of their relative perfection ; so that tho 
most ancient formations contained only animals of the low- 
est grade, such as the Polyps, the Echinoderms, to which 
succeeded the Moilusks, then the Articulated Animals, and, 
last of all, the Vertebrates. This theory, however, is now 
untenable ; since fossils belonging !o each of the four depart 
ments have been found in the fossiUferous deposits of every 
ago. Indeed, we shall see that even in the lower Silurian 
formation there exist not only Polyps and other Radiata, but 
also numerous Mollusks, Trilobiles, (belonging to tho Articu- 
lata,) and even Fishes. 



467. Each formation, as has been before stated, (460,) 
contains remains pccuhar to itself, which do not extend iolo 
the neighboring deposits above or below it. Still there is u 
connection between the different formations, more strong in 
proportion to their proximity to each other. Thus, the ani- 
mal remains of the Chalk, while they differ from those of all 
other formations, are, neverllieless, much more aeatlv related 
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to those of the Oolitic formation, which immediately precedes, 
than to those of the carboniferous formation, which is much 
more ancient ; and, in the same manner, the fossils of the 
carboniferous group approach more nearly lo those of the 
Silurian formation ihaa to those of the Tertiary. 

468. These r'elations could not escape the observation of 
naturalists, and indeed they are of great importance for the 
true understanding of the development of life at the surface 
of ot!r earth. And, as in the history of man, sevei'al grand 
periods have been established, under the name of Ages, 
marited by peculiarities in his social and intellectual condi- 
tion, and illustrated by contemporaneous monuments, so, in 
the history of the earth, also, are distinguished several great 
periods, which may be designated as the various Ages of 
Nature, illustrated, in like manner, by their monuments, the 
fossil remains, which, by certain general traits stamped upon 
them, clearly indicate the eras to which they belong. 

469. We distinguish four Ages of Nature, corresponding 
to the great geological divisions, namely : 

1st. The Primary or Paleeo^oic Age, comprising the lower 
Silurian, the upper Silurian, and the Devonian. During this 
age there were no air-breathing animals. The fishes were 
the masters of creation. We may therefore call it the Reign 
of Fishes. 

2d. The Secondary Age, comprising the carboniferous for- 
mation, the Trias, the Oolitic, and the Cretaceous formations. 
This is the epoch in which air-breathing animals first appear, 
Reptiles predominate over the other classes, and we may 
therefore call It the Reign of Reptiles. 

3d. The Tertiary Age, comprising the tertiary formations. 
During this age, terrestrial mammals, of great size, abound 
This is the Reign of Mammals. 

4th. The Modern Age, characterized by the appearance 
of the most perfect of all created beings. This is the Reign 
(jf Man. 
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Lf>( us review eacli of these four Ages of Nature, with 
reference lo the illagram at the beginning of the volume. 

470. The Paleozoic Age. Reign of Fishes. — The 
palffiozoic fauna, being the mos' remote from the present 
epoch, presents the least resemblance lo the animals now 
existing, as will easily he perceived by a glance at the Ibi- 




Pg 166 
lowmg sketches (Fig 155) In no other cas 
with ^mmals of such extriordmnrj shapes, as 
of the Palieozoic age. 

471. We have already stated (466) that thf 
in each formation of the primary age, rrnimal 
the four great departments, namely, vertebrates, articulata, 
molluskn, and radiata. We have now to examine I 
peculiar classes and families of each department thi 
raoLis belong, with aviev 



1 the strata 






all 



'hal 
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the BlT'jclure of aa animal, aad the epoch of ils first npiiear 
auce on the earth's surface, may be traced 

472. As a general result of the inquiiiea hitherto made 
it may be slated ihat the pateozoic animals belong, foi the 
most part, to the lower divisions of the difTeie it ohssea 
Thus, of the class of Echinotlerms, we find scaicely any 
but Crinoids, which are the least perfect of the clu'^s W e 
have represented, in the above sketches, sevenl of the most 
curious forms," as well as of the Polyps, of which there are 
some quite peculiar types from the Trenton limestone, and 
from the Black Kiver limestone. 

473. Of the Molluslcs, the bivalves or Acephab are nu- 
merous, but, for the most part, they belong to the Brachiopo 
Ha, that is to say, to the lowest division of the class, includ ng 
Biollusks with unequal valves, having peculiai appendnges 
in the iulerior. The Lepiana aUernata, (& ) which is found 
very abundantly in the Trenton limestone, is one of these 
shells. The only fossils yet found in the Potsdam sindstone, 
Ihe oldest of all fossiliferous deposits, belong, also to this 
family, (Lingula prima, a.) Besides this theie aie also 
found some bivalves of a less uncommon shape, {Aiieula 
decussala, e.) 

474. The Gasteropods are less abundant , some of them 
are of a peculiar shape and structure, {Bucama eTpa7isa,f, 
Euompka!us hemisphefictis, c.) Those more similar to our 
common marine snails have all an entire aperture ; those 
with a canal being of a more recent epoch. 

475. Of the Cephalopoda we find some genera not less 
cmious, part qf which disappear in the succeeding epochs ; 



• ii)Cj/alAocritiu> ornaHseimia, Hall ; (J) Melocrin^is Amphora, Goldf. ; 
(ft) Catiocriisa onuttia. Say; (/) Coltimtiaria alveolata; (m) C'l/atAo- 
jAjlivm giKd-ii/emimim, Goldf. ; (», o) Canima Jlexuosa : (p) OAaletm 
lycopprion. 
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siic.i, in particular, as those of the straigh., chambered shells 
called Orthocei-atites, some of which are twelve feet in lengfh, 
( Qrthaceras fuaiforme, g.) There are also found some of u 
coiled shape, like the Ammoniles of the secondary age, hut 
having less complicated paititiojis, (TrocholitesemmoniuSjd.) 
The true cuttle-fishes, whicL are the highest of the class, 
are not yet found. On the contrary, the Bryozoa, which 
have long been considered as polyps, but which, according 
to all appearances, are moUusks of a very low order, are 
very numerous in this epoch. 

476. The Articulata of the Palteozoic age are mostly 
Trilobites, animals which evidently belong to the lower 
order of the Crustaceans, (Fig. 156.) Tiiere is an incom- 
pleteness and want of development, in the form of theii 
body, that strongly reminds us of the embryo among the 
crabs. A great many genera have already been discovered. 




We may consider as belonging to the more extraordinaiy 
the forms here represented, (Jiarpes, a ; Arges, S ; Sron- 
tes, c; and Platynotus, d ;) the latter, as well as the Isotelus 



the largest of all, being peculiar t 
this country. Some others sec 
ceans of the following ages, bui 
extraordinary form, as Eurypte', 
a.so found, in the Devonian, soi 



The class of Wa: 



the Palseozoic deposit of 
more allied to the crusta- 
le nevertheless of a very 
remipes, [e.) There are 
very large Enlomostraca. 



represented only by a few Serpulie, 
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wSiict" are marine worms, siuToimded bya sulid alieaih. The 
f.liiss i' liisiicis is cniiruly w.inliug, 

4Ti, Tlie iiiroriorily of ilie corlicsl iiiluibkants of out 
enriii niipeurs most sii'iking amuiig the Vertebrates. Tliero 
are as yet neiiber reptiles, birds, nor mammals. The fishes, 
as we liave said, ure the sole representatives of this division 
of animals. 

478. Dm the fishes of that early period were not like 
ours. Some of them had the most extraoi'dinury forms, bo 
Ihat they have been often mistaken for quite diirercnt ani- 
mals; for example, the Plericlithys, (a,) with its two wing- 




Fig. 167- 
like appendages, and also the CoccosI.eus {h) of the same 
iJeposit, with its large plates covering the head and the ante- 
rior part of the body. There are also found remains of 
shark's spines, (e,) as well as palatal bones, (i^,) the latter of a 
very peculiar kind. Even those fishes which have a more 
regular shape, as the Dipierus, (c,) have not horny scales 
like ouf common fishes, but are protected by a coat of bony 
plates, covered with enamel, like the gar-pikes of the 
American rivers. Moreover, they all exhibit certain char- 
acteristic fealures,. which are very interesting in a physio- 
logical point o.' view. They all have a broad head, and a 
tail terminating in two imequal lobes. What is still more 
curious, the best jreserved specimens show no indications 
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of the bodies of vertebra, but merely of tlieir spinoua pro- 
cesses; from wliich it must be inferred that tbe body of the 
vcrtebrn was cartilaginous, as it is in our Sturgeons, 

479. Recurring to what has been stated on that point, in 
Chapter T.welfth, we thence conclude, that these ancient 
fishes were not so fully developed as most of our fishes, 
being, like the Sturgeon, arrested, as it were, in their devel- 
opment ; since we have shown that the Sturgeon, in its or^ 
ganization, agrees, in many respects, with the Cod or Salmon 
at an early age. 

480. Finally, there was, during the Paiseozoic age, but 
liitle variety among the animals of the different regions of 
the globe ; and this may fae readily explained by the pecu- 
liar configuration of the earlh at that epoch. Great moun- 
tains did not then exist; there were neither lofty elevations 
nor deep depressions. The aea covered the greater part, if 
not the whole, of the surface of the globe ; and the animals ■ 
which then existed, and whose remains have been preserved, 
were all, without exception, aquatic animals, breathing by 
gills. This wide distribution of (he waters impressed a very 
iftiiforin character upon the whole Animal Kingdom. Be- 
tween the different zones and continents, no such strange 
contrasts of the different types existed as at the present 
epoch. The same genera, and often the same species, were 
found in the seas of America, Europe, Asia, Africa, and 
New Holland ; from which we must conclude that tbe 
climate was much more uniform than at the present day. 
Among the aquatic population, no sound was heard. AH 
creation w^s then silent. 

481. The Secondarv Age. Reign of Reptiles. — The 
Secondary age displays a greater variety af animals as well 
as plants. The fantastic forms of the Palasozoic age diaap« 
pear, and in their place we see a greater symmetry of shape 
The advance i« particulnrlv marked in the series of vcrie- 
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the Bivalves. 

483. In the T m 
Carboniferous S g 
definitive char E 

huge Crocodil m g g 

Rhizodonta, (P JV L ) 

The well-know P H 

red sandstone d 

• IhU cireum 
caused the cual-i 

But tbere are other reasons whicli induce us to unite the carboniferoua 
paiiod with the secondary age, especiallj when considering thE,t here the 
land animals first appear, whereas, in the Palsozoic age, there are only 
msiine animals, breathing by gilla | and, alao, thit a loiuriant terrsstiSal 
vegetation was developed at that epocti- 



HnslcdhyGoOglc 



witli ft grea. number of birds' tracks (Fig. 158, a, b) belong- 
iiig to this epoch, for the most part indicating birds of gigan- 
lac size. These impressions, which he has designated uniler 
the name of OrnithichnUes, are some of them eighteen inches 



^' 



,!^ 



Fig. 168, 



in length, and five feet apart, far exceeding in size the tracks 
of the largest ostrich. Other tracks, of a very peculiar shape, 
have been found in the red sandstone of Germany, and ia 
Pennsylvania. They were probably made by Reptiles which 
have been called Cheirotkerium, from the resemblance of the 
track to a hand, (c.) The Molluska, Articulates, and Eaaiatos 
of this period, approach to the fauna of the succeeding [joriod. 
484. The fauna of the Oolitic formation is remarkable for 
the great number of gigantic Reptiles which it contains. In 



Ihis fonnation we find those enormous Amphibia, known 
under the names Ichthyosaurus, Plesiosaurus, Megahsaurus, 
and Iguanodon. The first, in particular, the MtJiyosawms, 
(Fig. 159, a,) greatly abounded on the coast of the continents 
of that period, and their skeletons are so well preserved, that 
'en the minutest details of theii 
mtially from that of the Reptiles 
me respects they form an Jnter- 
md Mammals, and may he 



5 enabled to study e 
structure, which difiers ess 
of the present day. In si 
mediate link between the I 



consider 



. the prototypes of the Whales, having, like 
20 
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, limba in !he form of oars. Tiie Plesiosmirits (5) 
agrees, in many respecia, with 
the IcMki/osatims, in its alruc- 
ture, but ia easily distinguislied 
by its long neck, which resem- 
bles somewhat the neck of 
some of our birds. A still 
more extraordinary Reptile '.a 
Fig. 160. the Pterodaciylus, (Fig. 160,) 

with its long fingers, like those of a bat, and which is thought 

to have been capable of flying. 

485. It is also in the upper stages of this formation that 
we first meet with Tortoises. Here also we find impressioDS 
of several families of insects, (LihelltUa, ColeopUra, Ichneu- 
mons, (J-c.) Finally, in these same stages, the slates of 
Sionesfield, the first traces of Mammals are found, namely 
the jaws and (eeth of animals having some resemblance to 
the Opossum. 

486. The department of Mollusks is largely represented 
ia all its classes. The peculiar forms of the primary age 
have almost all disappeared, and are replaced by a much 
greater variety of new forms. Of the Brachiopods only one 




type is very abundnnt, namely, the Terebratula, (Fig. 161, a.) 
Among the olhei Bivalves theie are many peculiar formSjas 
ihe Gomomya (6) and the Tn^onia, (c ) The Gasteropods 
display a great virietv oi speci&s, and also the Cephalnpod', 
among which the Ammonites are the most prominent, (rf ) 
There are also found for the fir=t time numeious rcpre'ien 
talives of the C itti fishes under the form of BelemaiUa, 
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. (Fig. 162 ) an extinct type of animals, iirotectcd by a slipath, 
snd terminating in a conical body, somewhat similar to the 
boneof llie Stepia, which « 
commonly is the only 
pari preserved {h ) 

487 The vanetj is 
not less remarlnble 
among the Radiates 
riiere are to be found repre'iemit vea of al! th<> classes, 
even trices of Jelly fishes hive been made out m the 
slate of Solenhcfen, in Bavara The Polyps Kere very 
ab mdant al thit epoch opeciilly in the upper stages, one 
of uhich has received the name of Coril rag Indeed, 
there are lound whole reefs of coralo m their natural po- 
sition Sim lar to those « hich are seen in the islands of the 



Fig 162 




Pacific Among the most rema kible types of stony Polyps 
may be named the fin lil e Lobophyll a {L flabelh m n,) 
at d various forms ot liee co lis Ltlhodendroit pseudosty- 
Itna h ) But the greatest variety ex sis amoii, the Echino- 
clcrms The Cr nc ds lie not quite so numerous as in 
^^ rmer nges Ainon^ the most abundant are the Pentacri- 
WIS (c ) There are iho Comatula like animals that is to 
anj, free Crnods (Pterocoma pmnata d) Minv 'Star- 
fishes are I kew se observed in the vaiious stages of this 
formation finally there is an extraordinary variety nf 
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Echini, imong them CidTris, (f,) wilh laige spines, and 
several other types not found befoie, as, for exnmple the 
Dysasler (/) and the Audeohlei,, {g ) 

488 The tauna of the Creiaceous period beura the 
same general cliaraclers as the Oohtic, hut » ill j, more 
marked tendency towards existing forms Tlius, the Ich 
Ihyosauri end Plistosauri ih it chamcier ze thp preceding 
epoch are succeeded by gigmiic Li^irds, more neailj 
approich ig the Reptiles of the picsent di\ Among ihe 
Mollusks a great number of aew foims upjiear e-ipecial 
ly among the Lepbalopods,* some of which lesemble the 




as in the Oolitic period, and are in general much orna- 
mented, (a.) The Acephala furnish us, also, with peculiai 
types, not occurring elsewhere, Magas, (a,) the Inoceramus 
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Spondi/h with loii^ 
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Fig. 166. 



inferior to the others 



Tolomaria, (e.) The Radiates 
in variety.* 

•189. Tehtiary Age. Reign of Mammals. — The most 
significant characteristic of the Tertiary faunas is their 
great resemblance to those of the present epoch. The am 
inals belong In general to the same familiea, and mostly 
to the same genera, differing only as lo the species. And 
the specific differences are sometimes so slightly marked, 
thai a considerable familiarity with the subject is required, 
in order readily to delect them. Many of^ the most abundant 
types of former epochs have now disappeared. The changes 
ere especially striking among the Mollusks, the two great 
families of Ammonites and Belemnites, which present such 
an astonishing variety in the Oolitic and Cretaceous epochs, 
being now completely wanting. Changes of no less impor- 
tance take place among the Fishes, which are for the most 
part covered with homy scales, like those of the present 
epoch, while in earlier ages tliey were generally covered 
with enamel. Among (he Radiala, wo see the family of 
Crinoids reduced to a very few species, while, on the other 
hand, a great number of new Slar-fishes and Sea-urchins 
make their appearance. There are, besides, innumerable 



• (a; Dipkctn 



cnrdatum ; (h) Marmipilea ; (c) Salmia ; (_d) Oa 
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of a veiy peculiar type of animals, almost 
unknown to the former ages, as well as to 
the present period. They are lidle cham- 
ahells, known to geologists under the 
of NummuUtes, from their coin-like ap- 
,d form very extensive layers of 
rocks, {Fig. 167.) 
t what is more important in a philosophical point 
that aquitic animals are no longer predominant 
in Creation. The great marine or amphibian reptiles give 
place to numerous mammals of great size ; for which rea- 
son, we have called this age the Reign of Mammals. Here 
are also found the first distinct remains of fresh-water 
animals. 

491. The lower stage of this formation is particularly 
characterized by great Pachyderms, among which we may 
mention the PaJeoth&rium and Anoplolheriwn, which have 
acquired such celebrity from the researches of Cuvier. 
These animals, among others, abound in the Tertiary forma- 
tions of the neighborhood of Paris. The Paleotheriums, of 




which several species are known, are the most ( 

they resemble, (Fig. 168,) in some respects, the Tapirs, 

while the Anoplolheriuma are more slender animals, (Pig. 

169.) On this continent are found the remains of a moat 

extraordinary animal of gigantic size, the Basil 

mm cetacean. Finally, in these stages, the earlic 

of Monkeys havf b&^n detected. 
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492. The fauna of tlie upper stage of the Tertiary forma- 
tion approaches yet more nearly to that of the present epocJ. 
Besides the Pachyderms, that were also predominant in tlie 
lower stage, we find numbers of carnivorous ari'roals, some 
of them much .surpassing in size the Hoos and tigers of our 
day We meet also gigintic Edentata, and Rodents of great 
sze 

493 The d 9 b on of he Tertiary fossils also i-ev(ials 
to us he [ o an fac la n this epoch, animals of the 
sa e spec e e e c cumsc bed in much narrower limits 
than befo e Tie ea h su face, highly diversified by 
mou s and II ys as d vided into numerous ba 'ns, 
vh ch 1 ke he G 1 of Mex co or the Mediterranean of this 
day CO a ned pec es o found elsewhere. Such was the 
basin of Pans, that of London, and, on this continent, that of 
South Carolina. 

494. In this limitation of certain types within certain 
bounds, we distinctly oteerve another approach to the present 
condition of things, in the fact that groups of animals which 
occur only in particular regions are found to have already 
existed in the same regions during the Tertiary epoch. Thus 
the Edentata are the predominant animals in the fossil fauna 
of Brazil as well as in its present fauna ; and Marsupials were 
formerly as numerous in New Holland as they now are, 
though in general of much larger size. 

496. The Mode SK Epoch. ReignofMan. — ThePresen' 
epoch succeeds to, but is not a continuation of, the Tertiary 
age. These two epochs are separated by a great geological 
event, traces of which we see every where around us The 
climate of the northern hemisphere, which had beeH, during 
the Tertiary epoch, considerably warmer than now, so as to 
allow of the growth of palm-trees in the temperate zone of 
our time, became much colder at the end of this period, 
Clausing the polai glaciers to advance .<iouth, much beyond 
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ihat they were c a ed a o e ecent period than our 
marine animal 

498. Anion 1 ese 1 nd an mals hich then made thoir 
appearance, tl e e e e ep esen a es of all the genera 
and species no 1 n o d u and besides Ihese, many 
>ypes now ex nc o e of he n of a gigantic size, such as 
:he M.3slodoii iho refiains of which are found in the upper 
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most Btraia ol' the eirlh's surface, and probably the very 
last lai^e animal which became exlmct before the creatioD 
of man " 




Fig. 170. 
499. It is necessary, therefore, to d s ng si t vo per o la 
in the history of the animals now livi g one wl ch th 
marine animals were created, and a second dur ng vl ch 
(he land and fresh-water animals made be rappeartace ani 
at iheirhead Man.+ 



CONCLUSIONS. 

500. From the above sketch it is evident that there ia a 
n of beings on the surfaco 



*'The above diagrem is a likeness of tlie splendid specimen disiuterred 
at Newbui^, N. Y., now in the possession of Dr. J. C. Warren, in Boston i 
the most Romplete skeleton vihich has ever been discavored. It stands 
nearly twelve feet in height, the tusks are fourteen feet in length, and 
nearly every bone is present, in a state of preservation truly wonderful. 

+ The former of these phases is indicated in the trontiapiEce, by a nar- 
row circle, insetted between the upper stage of the Tertiary tonnaann 
aid tilt Reign of Ma-" properly bo called. 
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y 


eded him in the 
B connected is of 


Tertiary 
a higher 



d mm I d h connection is to be sought 

1 f ! L h elf, whose aim, in forming 

I h II g d rgo the successive changes 
1 h G I 1 p d and in creating successively 

II h d ff jp f I which have passed away, 

d M p he surface of our globe. 

M 1 d d h h all the animal creation 

1 as d d f h fi pp ance of the first Palseozoic 

F 1 

50 I h b g H plan was formed, and from tt 

H h ci y particular. The same Being 

wh f I ats, provided and declared, 

h sa d f y d hal " the seed of the woman 

h II b h p h d laid up also for him in the 

b 1 f I h h res of granite, marble, coal, 

sal d h 11 products of its several revo- 

I d h 1 ftustihle provision made for 

his necessities, and for the development of his genius, age 
in anticipation of his appearance. 

503. To study, in ibis view, (he succession of animals in 
time, and their distribution in space, ia, tiieiefore, to become 
acquainted with the ideas of God himself. Now, if the suc- 
cession of crtiated beings on the surface of the globe is the 
realia'ilion of an infinilelj wise plan, it follows that ihero 
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miKl be a necessary relation between the races of oni 
mals and the epoch at which they appear. It is iitcessary, 
therefore, in order to comprehend Creation, that we com- 
bine the sttdy of extinct species with ihat of those now 
living, since one is the natural complement of the other. A 
eystem of Zoology will consequently be true, ia proportion 
as it corresponds with the order of succession among atii- 
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Abdomen, tliB lower cavity of tlie 

body, 41. 
Abranohiatea, witliout gilla, 31. 
Acal^pha, a class of Rafliates, many 

species of whicli ptodr" "--'■ — 






( of, 97. 



Affi' 



stic, pectaiuing 

iiiiig, 56. 

lia, digeBtive ap 

loids, '23. 

itv, relftl 
.grs oY^iatu 
.Uiumen, the 

tarv canal, 97. 

the pmceas of nutri- 



.ionahip, 30, 87. 



t;on, 42. 
Allan tois, Allantoidian, 
Alligator, teeth of, 105. 



149. 



ot, 167 ; difference be- 



Ampliioxug. its placi 
Aniphiuma, au9. 
Analogy, 80. 
AnStifa, melamorplu 



Animals and plants, diffeteni'eii be 
tween, 41. 

Animate, possessed of animal life, 
43. 

Anoploth^rium, 234. 

Antenna, the jointed feelers ol lob- 
sters, insects, &o., 77- 

Aorta, the great bloodvessel arfsioii 
'-m thoTieart, 116. 



projeo 



Aphidt 

Apparatna oi motion, io. 
Aptera, vfingleas inseclB, 
Aquatic, living in water. 
Aqueous, like water- 
Aqueous humor, SO. 
Arctic fliuna, 197. 
Areolar tissue, 33. 
Argea, 223, 

Anstotle's lantern, 102. 
Arm, 82; dilTerent forms 
Artery, 113. 



into bone, mnaole, &c., 122. 
Astaeus pelluridus, 55. 
Asteride, the family of star-fishoB, 

23. 
Auditory, pertaining to the aeneo 

of hearing, S6. 
Auricle, a cavity of the heart, like 

a little oar, 115. 
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^ND 


GIOSSARX. 


BAlanns, the bamaele, 178. 




Cetaceans, marine animals whiaL 






nurse thdr young, liko the whala, 


Batraohians, the frog tribe, 20. 




porpoise, &c., 20. 


Beak, lOi. 




Chietete! lycnnerdon, 224. 










29. 


which the jolk of the egg is sub- 


Birds, number of, 27. 




Bivahe, hariag two shells, like 


the 


Ch'dkformallon. ?1J, 


clam, 27. 
Blastoderm, the embryonii; ir 




Chambers of the eye, 60. 




Chamois, 192. 


141. 




Cheirotherium, 229. 


Iind-fl3hes, B5. 




Chelonians, reptiles of the tottoiftf 


lood, 111,131. 




tribe, 20. 


loulders, 236. 




Chorion, ISI. 


raohionus, jaws of, 103. 




Choroid, coat of the eye, 49. 




ks, 


Chrysalis, the insect in its passage 


22. 




fpom the worm to the fly state, 


Brain, 4S. 




174, 


Bcanehiffi, gills, 120. 




Chyle, 100, 112. 


Branchifets, univalve moUnsks 


Chyme, 100, 112. 


breathing by sills, 22. 




Cicatricula, 141. 


Bronchi, tubes branching i^om the 


Cilia, microscopic h^rs, liko eye 
lashes, 81, 112, 116, 120. 


windpipe in the lungs, 119. 




Brontes, 225. 




Cmiultttion, 97 ; great, 111 ; pulmo- 


Brjozoa, 23, 225. 




nary or lesser, 116; complete. 


Buosiiia expansa, 224. 




116; incomplete, 116. 
Cirrhlpedes, orustaeea having curUa 




76, 


feelers. Uke the barnacles, 27. 


134. ' 




Class, 18, 




Clavicle, the collar-hone, S3. 


170. 




Climate, influence on a fauna, IBS. 


Canine teeth, 106. 




Climbing, 92, 






CoccOateus, 22tt. 


Canker-worm, rnetamorphosea 


of. 


Cnohlea. 58. 


178. 






Cannon-bone, 86. 






Canter, 91. 




wing cases, like the dar-aug, 27. 


Capillary yessels, 113. 




Collar-bone, 83. 


Carapace, the upper covering o 


the 


Columnaria alveolata, 224. 


orab or tortoise, 75. 




Comitula, metamorphosis of, 179 


Carbon, the basis of charcoal and 


180. 


most combustibles, 41. 




Condor, 191. 


Carboniferous rocks, 218, S2S. 




Conslanoy of species, 67. 


Cariocrinus ornatus, 224. 




Coral-rag, 231. 


Camlvora, animals feeding on flesh, 


Cornea, the transparent portion ol 


30; toethof, 107. 




the eye, 49. 


Carpus, the wrist, S3. 




Corpuscles, minute bodies, 39. 


Cartibge, gristle, 39. 




Coasua ligniperda, museles of, 77- 


Cartilaginous tissue, 38, 
Cell, 37 i nucleated, 38. 




Cretaoeous, or chalk formation, 218 




Cricoid, ring-like, 65. 


Cellule, a little cell, 37. 




Cnnoid. Idy-like star-flshea, 23 
Cn6cens. 232. 






surrounding the head, like 




Crustacea, atticalated animals hai- 


cuttle-fish, 22. 




mg a crust-like coTcring, like the 




71 
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f>«noida, fishes svliich lii.ve tUe 

Cten&phori, soft, radiated auimals, 

movine by dlia, S3. 
Cutis, m. 
Cuttle-fish, jaws of, 1D2; heai-t of, 

117; metamorphosis of, ISO; 

mode of swimming, 95. 

CyathophjUum quadrigemiuum. 



Cyi^iiids, llshes vith si 



oth scales. 
It during a 



Deoidiious, not 
lifetime, 199. 
Deslutition, the act of swallowing. 



Department, a primary division of 

the animal kingdom, 18. 
Development of the nhite-fish, 

145. 
Devonian roclis, 21S. 
Diaphragm, the partition betveen 

the cliest and abdomen, 74, 119. 
Diastole, the dilatation of the heart, 



Dipiootenium oordatum, 233. 

Dipterus, 226. 

Disc6phori, disk- shaped, animals, 
like the jelly-fish, 23. 

Disk, a more or less circular, flat- 
tened body, 14. 

Uisioma, reprodaotion of, 181 i in 
■' I eye of the perch, 171- 



Dodo, its disappeaianoe, 210. 
Dorsal cord, 143. 
Dorsal vessel, 114. 
Dorsibianchlates, moUusks hanng 

gills upon the back, 21. 
Drift, 219, 23e. 
Drinking, 109. 

Duck-bamacle. See Anatifa- 
Djsaster, 232. 

Bar, 55. 

Echlnoderms, radiate animals arm- 
ed with spines externally, like 
the sea-urchin, 23. 

Echinus, ttie sea-urihin, 23 ; iawa 
of, 102; heart of '17; mode of 
progression, 81. 



Echinus sangumolentus, metamor- 
phosis of, 178. 

Egg, 131; form of, 133; formatiou 
of, 133; ovarian, 133; laying of, 
13S ; composition of, 137 ; devel- 
opment of, 139; of Infusoria, 172. 

Elementary structure of organised 
bodies, 36. 

Embryo, the young aniroal before 
birth, 33, 132 ; development of, 



of, i53. 
Eiidoamose, 127. See Ex 
Engeena, a large orang, 2 



le scarf-skin, 129. 



Equivocal reproduction, 1 
Erratics, roUing stones, 2 
Euomphalus hemispherio 
Eurypterus remipes, 225. 



cess by which 
each way throuf 
which separates 

Eye, 48° siJI^le,' 



Rbula. t 



aallest 



1 the t 



■t of. 



Fins, 93. 

Fishes, number of, 27; 

116 ; reign of, 222, 223. 
Fisslparous reproduction, propagi 

tion by fissure "" ^'~"""- " 
Flight, 92. 



ision, 156. 



Fieri . 

Fluviatile, pertainii 



afau 
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GLOBSAEr. 


Punctiou, the offieo which an organ 


Herbirora, animals feedine on araEi 


u designed to pcFfonu, 29. 


and iea4s, 20. " 




Hibernation, torpid state of ani- 




mals during winter, 123. 


oS&a."- 


Hippuiltes, 233. 


Holothurians, soft sea-ElugB,bie!xe- 


GailinMecQS, birds alhed to thedo- 


le-niar, 23. 


mestie fowl, 190. 


Homogeneous, uniform in kind, 126. 


Gallop, 91. 


Homology, 3U. 


Humerus, the shoulder-bone, 81. 


es, from nhich ucrvoas threads 


Hyaline matter, pure, like glass, 39. 


ariae, 46. 
Oanoida, iiEhes having large, bonv, 


"SM^ ■"■"''"'«•*'"•"■ 


HydroBen, a gas which is the prin- 


G»r-pik 193 


p 1 CO tituent of water, 41. 


Gasterop d m 11 i wh h 1 


Hyd da family of polyps, 23. 


by a fl tt d d k f 

the und part f th body I k 

the an 1 *> 


I h by nis, 229, 232. 


I t ru B mm&re, nest of, 70. 


Gastric J m 99 


Ignco h t have been acted upon 


GBTial, dJ with 1 ng 


by fi 16. 


slend h d 


Ig 6n d 229. 




mh 1 t 127. 


gation by b dd g 166 


m destitute of life, 43. 


General p p rt f ga d 

bodie sr 


h, 106. 


b hatching of emrsbytha 


Genus, 17 


m th 136. 


Geograph cal d tnb t f 


If n mioroseopie animals In- 


mala, 186 1 207 


h b t g water, not yet fully ar- 


Geological f m 1 


a d theirproperolasaes,34, 


211. 




Germ,th arl t m f tat f 


1 2 


theembry 42 141 




Oermin ' d k 133 137 141 


I B Dtmadeupoftis8ues,35. 
J % ,108. 


vesicl I 3 1S7 138 d 13 I„S 


Gestatio th rj g th j g 


1 ts umber of, 27. 


before brth 136 


I perching birds, lite 


G Us, 31 120 1^ 
Gizzard 99 


■ ".'sfa*- 


Glacial p n d 236 


I 11 E , 67, 63. 


Glands, 127 1 v 127 
Gobule f hyl 100 




I t b s, animals destitute of 


Glottis, 65 


b kl ie. 


Gonioroy 2'fl 


I h loredpattof theeyf 40. 


Grallalores, birds with long logs for 


Is6telus, 225. 


wading, 20. 




Grand-nursea of Cercaria, 162. 


Jfllv fish See Medusa. 






Grit, coarse sandstone, 216. 




Gullet, 99. 


Kidnevs 130 


Haraites, 232. 




Hand, 83. 


Lacertan? anin ala of the lizard 


Harmony of oreins, 106 
Haiiies. 225. 


tr be 20 
Lacteaia lessc s which take up the 


Hearing, 5n 
Heart, 114 


nutriment 100 
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lug gill» ircanged in ah 


hk 


M 1. \nchuB, 202, 209. 


tlie ilam and ovster, 22 
Larva, the oaterpillar otw rm 
of an insect. 




M 1 na, 202,209. 


tate 


yi g er,anaquaCicUrdaIliedto 
h E ose, 667193. 


Larynx, 65. 




M puB, tho ™Bt, 83. 


Laeso-celU, HO. 




M ta us, 87. 


Layers of the embryo, 1*2 




M ta rphic rookB, 216. 174. 


Leaping, 9!, 




M ta tphosis, 149, 187 1 of the 


Lemming, 190, 197. 




Ik-n-orm. 176; canlcer-worm. 






176 ducli-hamacle, !77;3tar-£sh, 


L«tri8.72. 




178 omatula, 179. 


Life, 35,44. 
Limhs, k 




M t cor-anguinum, 232. 






Limnea, parasites of, 160, 162 




M d age, 222, 23b. 


Ijngula prima, 224. 




M 1 eth, 106., 


31 


M 1 les.Teryminutepartiolea.aS. 


Liver, 129. 




M 11 ks, soft animals of the snail 


LobophjlliaflaheUum,231 




d yater kind; heart of, 117; 
U f, 129 ; Eumher of. 27 ; meu- 


Lohstera, mode of awimm g 


91 


necvoQS sjetem, 46. 




morphosis of, 179. 


Locomotion, 79; organs of. 


82 ( 


Monkey, teeth of. 107, 20.5. 






MoQ6ou!ua, mode of carrying egga. 


Loligo, arms of, 180. 




13S ; motion, 73 : apparatus of. 73- 


Lungs, IIS. 




Moultina, the ahedding o( feathers, 
hair, Ic.. 128. 


LvmphBtle TcssBls, 100. 








Mnsclea. 73; disposition of. in In- 


MSdsfraca, 21. 




aeote, 77 ; in fishea, 78 ; in birds. 




79. 






MaBCnlar Osaue, 89. 


*f„"„J?'m'!<U"'^^''"f 


37; 


Myxine glutmoBa, its eye, 55, 



Han, reign of, 222, 234 ; races of, 

212 j hia twofold nature, 25. 
Manatee, 206. 
Mandueata, insects (jirnished irith 

Harchaatia polymorpka, reproduc- 
tion of, .168. 
Marl, earth principally 



gestation of, 183. 



Matiix. the organ in vhich the em- 
bryo is deTBloped, 152. 

Medulla oblongata, conUnnation of 
the brain into the back-bone. 

Meduaa, jelly-like animals liTine in 
the sea, 23 ; derelcpment of, 183 ; 
digeatiTS ot^ans, 98 modon 80. 

M^alobalrBchua, 209. 

MegalosSurus, 229. 

Melocrlnus amphbra, 224. 

Memiry, 88. 



Nalatores, birds with, webbed feet 
Natica, t™™ie of, 102 ; heart of, 117. 



Ncrv. 






n mammals. 



oeans, 46 ; in radiates, 47. 
Nervous tissue, 39. 
Neat of Baltimore oriole, 70; oftai- 

lor bird, 70; of Plooeus. 71. 
Nomenclature, the naming of ob- 
jeote and their classes, family, &o. 
Nostrils, 60. 
NotosSurns, 228. 
Nuoleoiites, 232. 
Nucleolus, a little nucleus, 38. 
Nucleus, a kernel, or condensed 

central portion, 38. 
Nudibiinohiates. mollusks havine 

the gilla floating eiternaily. flg. Of 



N6mmulite 
Nnrs. 



, of Cercaria, 



32; of B 
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Ocelli, minute ejes, 52. 

Octopus, srma of, ISO. 

Odors, 61. 

(Esophagus, the gullet, 46, W. 

Olfactory, pertalaing to the sense 

of8niell,46, 60. 
OmniTora, feeding upon all kinds 

of food, 107. 
OOlltio formation, 218. 
Operculum, a coyer for the aperture 



» GLOSSAET, 

PedunoUerPedicle, a slender stem. 
Pelvis, the cavity forraeJ by Uia 

hip bones, 87. 
Fent&crinus, 231: metnmorpho&ia 

of. 180, 
iption, 67. 



aiiimals of the eetpenC 



Ophidians, 

Opdo nerri 
Orbits, 48. 
Orders, 18. 



Omithichnites, 229. 
Orthfteeraa fuBif6rme, 223. 

Otolites, little'boiies in the ears of 
mollusks and Crustacea, 59. 

Ovary, the organ in which eggs 
originate, 133. 

Oviduct, the passage throT^h nhich 
the e^ is excluded, 131. 

Oviparous, producing eggs, 131. 

Ovis montana, 192. 

9vo-riviparous, animals which 



Oxygen, its consumption in re 



Paleont61ogy, 215. 

Palccozoio age, 222, 223. 

PBleothfrium, 231. 

Palpation, the exercise of the touch. 

Palpi, jointed organs for touoh, 

about the mouth of insects, 61. 
Papilla, a little pimple, 62. 
Paramecia. reproduct,oD of, 157. 
Parasitic, living on other objects. 
Passerine biidsofthesparrowkind 



to the mother, 152. 



Plant-lice. See Aphides. 
Plants compared with animals, J] 
Platynotus, 225. ^ 



PloceuB Philippini 

"lutonic rocks, "" 

odm'ella, mod« 

bryo of, 144 ; 



nal fixed at one 
numerous flexible feel- 
other, 27, fi3i repro- 



! stripe, 143. 
ion, 88, 90. 
us, the part of the egg 



Priteus, 209. 

Protosiutus, 228. 

Protractile, eapablo of being ez< 



Pterodiotylua, 230. 

Pteropods, mollusks with wing-like 

expansions for snimmin^, ^ 
Pulmonary, relating to the lungs, 

116. 
Pulmonates, moUnska which 



us, fout-handed, 201 
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.nitnals nith four legs, 



;he bonea of the 
of man, 235 ; of 



Reptiles, number of, 27; reign of, 

332, 227. 
Besprration, 97, 118. 



Rocks, claesilieatiou of, £ld: defi- 
nition of, 215. 

Rodents, quadrupeds with teeth for 
gnawing, 107. 

Bntirer9,jawsof,103; eggs of, 172. 

Ruminants, quadiupeda which ohew 
the cud, 107. "^ 

Bunning, 91. 

BjtinaSteUeri.aiO. 

6M«!iia, 233. 

Saliferoua foTmatioo, 21S. 

Saliva. lOa 

Sfilivarjr glands, 127. 

Salpa, reproduction of, 159; motioii 

of, 80. 
Scanaores, birds adapted for olinjli- 



Sclerotio, the principal coat of the 

eye, 49. 
Btutella, IttwB of, lOL 
8ea-anemoae. See Actinin. 
Sea-archin, eye of. 53 j digesUTe 

organs, 98; heart, 117. 
Secondary age, 222, 227. 



Sepia, 23l. 
Serius, watery, 142. 
Shark, egg of, 133. 
Shoulder-blade, S£. 



3, made of hmt. 
°?icka, lower, '217; 



SmeU, eO. 

epeoieB,oonataQcyof,67i dtSni 
of, 17, 159. 



ferns, &o., : 
Standing, S3. 
Stapea, 67. 



; reproduction ol 
Stigmata, openings In insects for 

the Bdmisaion of :ur, 118. 
Stomach, 97. 
Stratified Tocks, 215. 
Stratum, a layer. 
Sttobila, 164, 189. 
Structnra of the earth's oruat, 214 
Sturgeon, compared with whitu- 



Suctoria. insects taking 

by suction, 21. 
Swimming, 93. 

Systole, thscontiG 



blood, 115. 

of, 140. 






Tape-worm, reproduction 
Tapir, 204, 234. 
Taraus, the ancle, 87. 

Teeth', 104. 

Temperate faunas, 193 
Temnoral, relating t h 

104. 
Tentacle, the hon 1 k t 

the head of m llu k 

bearing the eyes 5 
Terebratula, 280. 
Tertiary age, 222, 233 
Tertiary formation, lower, 218, up 

per, 219, 



Uj 
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INDEX AND GLOSSARY. 



Test. Ilie brigtle crust covering the 

eruatiiceans, &o., 75. 
leuthidesue, tlie family of cuttle- 



Triiusudation, 127. 

TriK6nia, 230. '. 

lUabites, 21, 32. 
-rrocholltes nmmbnius, 22S. 
Trophi, organs foe feeding, of in 

sects, crabs, &c. 
Tiopical feonaB, 201. 



TurriUtes, 232. 

Tympanum, a drum ; the membrane 
Beparaling the internal and exter- 



'lype, an ideal image, 1 



Univalve, haring a 



Ventricle, a caTity of the heart, llfi 

Vermicular, 100. 

Vertebra, a joint of the baek-bone, 



Viscera, 1S9. 

Vitelline merabrane, 138. 

Vitellus, 137. 

Vitreous humor, SO. 

Viviparous, producing hving joung, 

131. 
Voeal cords, 65. 
Voice, 64. 
Voluntary.nndet control of the will, 

Vorticena,reproducljon of, 157, 15» 

Walking. 90. 

Wapiti, 211. 

Warm-blooded animals, 122. 

Water-tubes of aquatic amraala,123. 

Whale, fans of, IXH. 

Whales, mode of swimming, 94. 

White-fish, development of, 146. 

Windpipe, 119. 

Wocms,21; eye of, 53. 

Zoology, its sphere, 25. 
ZoSphytes, animals of a very low 

type, mostly fixed to the ground. 

of a plant-Uke form. 
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UST OP THE MOST IMPORTANT AUTHORS 



GENERAL ZOOLOGY. 

Aiiatotle'B Zoftlogy; Linufeus, System of Nature; CuTier'a Animal 

Kingdom: Oken'a Zoolosy ; Humbolilfe Coem?3, and Views of Nature; 

Spii, History of Zoological Systems ; Cuvier'a History of the Natural 

Bdences. 

ANATOMY AND PHYSIOLOGY. 
Henle's General Anatomy ; and most of the larger works on ComparB- 
tiTB Anatomy, Physiology, and Botany, such as those of Hunter, Cnrier, 
Meckel, Mnller, Todd and Bowman, Grant, Owen, Carpenter, Rymot 
Jonas, Hassall, Quain and Sharpey, Bourgery and Jacob, Wagner, 
Siebold, MQne Edwards, Carus, Schleiden, Burmeistcr, Lindley, Robert 
Brown, Dutroohet, Decandolle, A. Gray, 



N Special Subjbcth op Anatomy and Peybioloqit 



Schwann, on the Conformity in the Structure and Qranth of Animals 
and PUntB. 

ValenUn, on Tissues ; and Miorosoopic Anatomy of tte Senaea. 
Scemmering, Figures of the Bye and Ear. 
Kolliker, ITienry of the Animal Cell. 
Breaohet, on the Structure of the Skin. 
LocomolVM; Weber, and Duges. 

Teeth; Fred. Ouvier, Geoff. St. Hilaire, Owen, Nasmyth, Retiina. 
Blood; DoUinger, Barry. 

ingestion; SpallanKaui. ValentiTi and Bruuner, Dumaa and Boussin 
gault, Wobig, Matteuoci, Beaumont. 

INSTINCT AND INTELLIGBNCS. 
Kiitiy, Blnmenbach, Spurzheim, Combo. 
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EMBKYOLOGY. 



PECULIAR MODES OF EEPRODUCTION. 
Ehrenberg, Trembly, Eflael, Bars, Loven, Steenstrup, Van Beneden. 



METAMOEPHOSIS. 

I, Ejihj and Spence, Buitneister 



GEOGRAPHICAL DISTRIBUTION. 
a, Milne Edwards, Swainson, A. "Wttgner, Forbes, Pennant, 



Eiohardson, Bitter, Gujot. 



The Works of Murohison, Phillips, Lyell, Mantel!, Hugh Millar, 
Agaasia, D'Arohiac, Do Beaumont, D'Orbigny, De Vemeiiil, Cu-rier, 
Brongniait, Deahayes, Morton, Hall, Contad, Hitchcock, Trooat, and the 
Reports on the various local Geological Surveja. 

Very many of the papers of the authors above referred to are not pnb- 
lished in separate volumes, bnt are scattered through the volumes Ol 
Bcientifle Periodicals ; such as the 

Trnnsactiona of the Roys! Society ol London- 
Annals and Maeazine of Natural History. 

Annales, and Archives, du Museum d' Hist. Natuielie. 

Annales des Scienoes Naturelles, 

Wieginann'a Archiv Sat Naturgeachichte. 

Mullor's Archiv. 

Oken's laia. 

Berlin Transactions. 
. Transactiona of the American Philosophical Society 

Memoirs of the American Academy. 

Journal of the Academy of Nat, Sciences, Philadelphia. 

Silliman's Journal 

Journal of Beaton Society of Natural Hiatory. 
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G-OULD AND LINCOLN, 

59 Washington Street, Boston. 



B:AMIX,T0N'S ZSCTVItES, embradng the METAPHTaiCAi, hhcI I-ogi-A 
CouHSKs; with Notes, ftum Origirai Materials, aad an Appeniiix, eontc'iiin 
the Author's Latest Deyelopinent of his NewLogicnl Theory. Edited by Rs' 
Henri LoNHDBVIi-le Mansbl. B. D., Prof, of Moral and Metaphysienl Pli 
lOEophy In Magdalen College, Oxford, and JoiiB Veitch, M. A., of Edlubursl 
In two royal oolovo volumoa, via., 

I. Mktafhvsical Lectures. Rojal ootavo, doth, 3.50. 

II. Logical Lectures. Royal octavo, olotli, 3,50. 

oa- G. !. 1-.. by » iptoM Brnmstmsm with fliQ ftinilU of Ihe kl* Sir William Hamillon, =re II 



•LOOMIS' ELEMENTS OX' GEOI.OGT ; adapted to Schools an 
WJtli numerous lIluslTatlons. By J. &. LOOHIS, Piesident of Lewi 
versily, Pa. 12mo. cloth. 1J». 



PEASODVS VaieiSTIAJfITT TBE SEZIGIOlf OF IfATITRE. 

Lectures delivered before tile Lowell JuBUtute in 1563, by A. P. Peabody, 
D.D.,LL.D.,Preilcher to the Unlyersity, and Plummer Professor of Christian 
Morals. Harvard College. Boya) l!mo, cloth, l.SO. 

VALLEY'S XATUXAl. TJIE0Z06F! Illustrated by forty Plates, with Se- 
lections livni the Notes of Dr. Faxtflu, and Additional Notes, Original and 
Soiecled, with a Vocabulary of Scientific TcrmB. Edited by John Wake, 
M. D. Improved edition, vriih elegant illustrations. J2tno, cloth, embosasd, 
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^oullr ixixii ^hvcoln's ^ttblicatkms. 



BATES'S MUSTAIj PnlZOSOrBT; Including the Intellect, the ) 
blUtiea, and the Will. By JoSEi-a Haves, ProfcBBor of Int*IIectua 
Moral PhUoaopliy, Chicago Universitj. Bojal ISmo, doth, cmboBsod, 2.0 



BAVES'S MORAJ, PltlliOSOTMY .- Induaing The. 
EUiies. ByJoaEPH Havkn, D. D., late Froftsaor of It 
FhiloEODhy In Chicago UnlTcreity. Boyal 12inD, clolh, en 



BOFKtSS' I,ECTVJtES OJT JITOE-il S 

Lowell Inetitnte. Bo8ton,by MAKit Hoficjks, D. D., PreeidcDt i 
College. Boyul iZmo, cloth, l.ao. 



WATI-AXD'S JITOBAE SCJJiJflCE ABJlIliQED, ^d adapted t< 

09e «f »cllools and Academies, by the Author. HEdf mor., 70 eta. 
The same, Cheap School Edition, boards, 15 ots. 



WATI,ASI>'8 FOJjIIICAX, ECOSOXT AJtRIDGEl}, and odapted 
to the u$e of Sehoola and Academies, by the Author. Half mor,, 70 coDta. 

tebDoli IhrDUJlioiit Ow Vcioa, and are hishly «ppn)i«d. 

AGASaiZ AJVD GOUZXt'S PItXXCiri.ES OP XOiiliOGY; Touching 
the Structure, Development, Diatribnllon, and Natural Arrangement, of the 
Races op animals, living and extinct, with numerous lUnstratlons. For 
(he use of Schools and Collegea. Part I. Comparative Phybiologv. By 
Louis AaAosiK BDd Augustus A, Gould. Beviscd edition. l.SO. 
FASRX XI. Systematic ZoOiogy. In preparatioti. 



BITTEK'S GMOGKATUTCAJ, STUDIES. TranalotCfl from tlie German 
of Carl Hitter, by Kev. W. L. Gage. With a Sketch of the Authnr'6 Life, and 
aFortrait. 12mo, cloth, l.SO. 



fKOORESaiVE PElfXJJfSBIF, Plain and ornamental, for the i 
Schools. ByN. D. Gould, author of "Beauties of Writing, '"'Writing 
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®ouIb ant '^iatolii's ^ubikafions. 



BOOET'S TMESAUIiTTS OF EXOZISB WORDS AJTD rnKASHt, 

so claasiOed snd arranged sa to facilitdte tlie expression of ideas, and assist in 
Uternry compostUoQ. New and Improved edition. Bjl^GTElt Mark Koget, 
late SeoretttT)' of the Rojal Society, London, etc Beylsed and edited, wllli n 
List of For^n Words defined In EngUsb, and other additions, by Baiin.is 
SEAEfl, D. D.| President of Brown Uuivei'sUy. A New Amekicah Edition, 
witli Additions asd Ihphoveuehts. 12mo, doUi, XM, 






GVrOT'S SAMIM AlfD JUAN! Lectures on CojIPAHATlVE Fhv 
Geography, inlta relation to tlie History of Mankind. By Askoi-d G 
With IIlustrHlions. llimo, cloth, 1.7S. 

eUTOT'S IffVBAZ Jff4J-S. A series of elegant Colored Maps, projeoi 



0-UTOT'S MAP OF THE WOBZB, moatited, M.( 

erroT's maf of xohtb axehica, moun 

eUYOT'S MAF of SOUTB AMFMIVA, mounl 
GVXOT'S GFOGEAFHICAX, FI^EMMXTS, m 



KautiTuI^ pTLnted In Q>la». and neatlj 



V ENOLISB 6FA3IMAR. fi 



BABTOS'S FKAVTICAL EXFieCISES IX ENeiilSB 

TION; or, Tub Young CojiPOSEK'a Gcide. By W. S. Bahtos, 
lamo, Imlfmor., 1.00. 
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(Smtlb anl3 ^^iutalix's ^utiliraiions. 



KlLZER'a CRVrSE OX' TBE BETSEY; or, a Summer Kmil 
til? Fosslllferaua Deposits of tlio Ilebrldee. With Hambleii of u ( 
or, tea. Thoaeand Miles over the Foeeilifeious Deposits of Scotlau 
pp. S24, cloUi, 1.75, 

laiX,I,EK'S ESSAYS, Historicol nnd Biographical, Polilical and S 

erary nnd Scientllic. By llvau Mii.i.eh. Wilh PrefMe by Fcti 

12ma,cloth, 1.7G. 
VILZ,Slt'S EOOT-ntiyrS OE TBE CJtEATOS; or,theA 

of Stromness, with numerous Illustrations. WlUi a Memoir of tlie A 

L0U13 AuASSiz. ISmo, cloth, l.?6. 



R'S BEAJiSBIP OF CHBIST, and the Eights of the Christian 
People, n Collection of Personal Porlraiturea, Historical and Descriptive 
Sketches nnd Eaeaya, with the Author's celebrated Letter to Lord Brongham. 
By lluiill MlLLKR. Edited, witli a Pre&oe, by pBTEK Baynk, A, M. 13mo. 
doUi, l.'S, 

UlI-LEB'S OLD ICED SAKDSTOXE ; or, New Walks In an Old Fiel^. 
Illustrated with Plates and (Jeologlcal Sections. New Edition, EKvisitn 
Asn liUCII EXLAltGKD, by the addition of new matter and new IlludlrKtlo^s 
&c. l^mo, cloth, 1.7S. 

iaiI.T,ER'S FOPUIjAJR QEOT^OOY i Vl\a\ Descriptive Slcetches from h 
Geologist's Portfolio. By Hugh MiLLiin. IVith a Ilesume of the rrugresi. 
o( Geological Science during the last two years. By Mks. Millcbi 12am 



XILLER'S TAT.es AUD SKETCBES. Edited, with a Pre(!ice,&c., by 
Mks. Mii.LEn. ]2mo, 1.50. 

VlilitT of Udell— Tlie Widow of Dunskaith— The I.ykewake — Bill Wliyte- 
TllB Young Surgeon— George Ross, the Scotch Ageut—M'Culloch, the Jleoli 
aniclan — ATrue Story of the Life of a Scotch Merchant of the EightesiKh 
Century. 
ITTLLEn'S TESTTMOXT OE THE MOCKS; or, Geology In Its Roar. 
Inga on the two Theologies, Natural and Eeveoled. " Thou shalt be in league 
with the stones of the Held."- Job. With numerous elegant lllastraUoiu 
One volume, royal 12mo, doth, 1,7S. 
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^0uli) aivtr l^iiuflln's IJubtitaimns. 



COAXBEnS' CrcLOP^VIA OF JBJfGIISH ZITSltJ.TUSE. 4 

Sfllecdon of IliB cliolcest pri>cluotlons.of KDgliah Authors, fmni the enrllest to 
the present time, ConQectedbya Critical and Biogrnphical History. Forming 
two large imperial ocliivo volumes of TOO pagea each, double-column loiter 
press ; with upwards of three Imoared elegant IlliiKtrntions. I':dile(I by UoULnr 
Chaubkrs. Embossed cloth, iSJIO; slieep, T.SO ; clotli.full gilt, g.CO; half cal^ 
1'i.OO; full oaif, 16J)0. 

ThiB I'OfIC (inbraMH flboiit oue t^ouvmd AKlborB, chroTiokigiciUI; ammsed, md ctaKvd ol 
I^HtB, liLBIaf iJiiifl. drdmatisb, pllUD»ph«ra> motaphjaiclnnB, dlvlne8,&fl.. wtlh*liiiic«Belecllon*f[OiB 

tompkle vie? of Engli^ Literature A«m IhB earliest to Via preKnt Ume, Let (lie KUdEr ODen 



CTIAMBEBS' HOME BOOK I or, Poctet Miscellany, contnlnins a Choice 
ffelection of Interesting and Instructive Reading, far tlie Old und Young. Six 
volumes, Iflmo, cloth, a.OO; llbroJT aheep,7.00. 

i^rixE's cTci^or^niA of axecbotfs of Ijitebatvue 

AND TME FIXE AJIT3. Containing a copious and clioicc Selection of 
Anecidotos'of the various forms of Literature, of tile Arts, of Architecture, 
Kngrnvings, Music, Poetry, IMnting, and Sculpture, and of Uie most celebrated 
Literary Characters and Artists of different Countries and Ages, &c. By 
Kaklitt AnviSE, A. M., author of "Cyclopsdin of Moral and Itpllsfous 
Anecdotes." With numerous illustratloaa. Ti5 pp. octavo, cloth, i.OO; sheep, 
B.OOi dot!), gilt, n.DO; ha]fcair,7.0(>. 



CAYSE'S ESSATS JJV EIOGltAFUT AJfJ> CJilTICISJIT. B 

I'KTKB Bavsk, si, a., .-.ullior of " ITie Christiaj. Llfo, Social and Individu:d. 
ArranKod In livo Series, or Parfs. ISmo, clolh, eadi, 1,7S. 



THE T.AKDXSG AT CAFE AKXE I or. The Chaeteu of tub First 

I'EBMANliST COLOHY ON TIIK TERIilTOElT Otf THB JlASaACIIIjaETTa COJl- 

PANY. Kow discovered, and llrst published iVom fjio t^Rici^IAL llAHUSCJtiFT, 
witli oil Inquiry Into Us authority, and u History of thh Colosi, 1(H4-I0ii. 
llogor Conant, OoTemor. By J. WtsoATE Thornt.>». Bvo. cloth '2 W. 



,1,1 rCooglc 



(Gflult) anb ^incoiu's publkations. 



; OJf SCZEXTIFIC DJUCOrEltr fob ISSO; or. Yatr 

Book of Fncts in Science Bud Art, exhibiting tlic moi-t tmporUnt Dis«>verli:ii 
nnd ImEiroremenUln Mechiuilee, Csffbl Arts, ^'aturoJ rhllasopli}-, Clieniistiy, 
Astronomy, Sletflorology, Zoology, Botany, MtnoraioBj, Geology, Geography, 
Antiquities, &c,,tDgettier»1t]iiiliet of recent Scientmc Publications; aclaasl- 
lied list of rntents; Obituaries of eminent Sdentiflo Men ; an Index of Impor- 
tant Papen in Sdcnlifle Journals, lieport!, &c. EdltCdbyS.KKEELAND.M.D. 
With ft Portrait of Prof. James B. Dana, ISmo. 2.00. 
'Ot-PJIKS OF THE SAME 'WOEK for years 1850 to 1B64 (fifteen rois.), with tl>e 
Likeness of some distinguished Scieniific or X-Hemiy man in e™h. i.W per 



; ri.VRAl.lTY 



, cloth, i.rs. 

THB XATUJl^tl. njSTOJtY OF THE MUXAJf SFECIES ; It^i 
'fyplcal Worms and Trlmsval Distribution, By CniRi.Es Hajiiltos Smith. 
With an Introduction containing on Abstract of tlie views of Biumeiibaoh, 
Friehsid, Bacliman, Agassiz, and otlier writers of repute. By Samuki, Knck, 
LiSD. Jr., M. D. ' With elegant Illustrations, lamo, cloth, 1.75. 

THEATlSiS OS TMF COMFAKATIVE AJf ATOMY OF THE AS"- 
IMAL KIsanOM. By Prof*. C. Til. V(.N Sikbold and II. ar,iBNiU3. 
Translalcd from the German, with Notes, Additions, &c. By Waldo I. Bue- 
NETT, U. D.. Boston. One elegant octavo volume, clotll, 3.50. 



THE CAMEZ; His Organization, Ilabics, and Uses, considered with refer 
en™ to bis Introduction into the United States. By Geobgb P. MAKaH,late 
v. S. Minister at Constantinople, lamo, doth, 75 cts. 

fSFZUEIfCF OF THE TIISTOBY OF SCXEXCE UFOIf JJfTBJ.- 
J.ECTVAL EDTJCATJOlf. By William Whkwkll, D. D., of Trinity 
College, EngUnd, and tlie alleged author of " Plurality of Worlds." IJimo, 
cloth, 10 cts. 

KTrOrrZEDGE is FOWJSJI. a viert- of the Productive Forces of Modem 
Society, and the Eesulta of Labor, Capital, and Skill, By Charles Kniqht, 
With numerous IliuBtratlons. Araerlean EdIHon. Hevlsed, with additions, bj 
DAvin A. Wells, Editor of the " Annual of Scientiflc Discovery." 12mft 
oioth, 1,75. 
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<Ba\xk anti %uuolnn 'f uMixaiioits. 



novi-B's MorrtrscA axi> snjsi.rs. uy auul-stus a. GoHi.t 

D. (UsiTEB STATES Itai-Loiiisa Exi'iiDiTios during tlio ytur? JBJ», 
1810,li8il,i81a,nnil«rCllAllLi!;BlViI,Ki!is,U.S.N, Vol. XII.) Elegant qi 
volume, cloth, net, 10.01). 



plaiu, net, 26.00; in sheets, colored, net, 40.00. 

tiEOGBAPBlCAI. VISTRIBVXIOJf OF AfriXA.1.3 AXD FLAST8 

(Umjtkij States Exploiiinci Expeiiitios; during the yeora 1S:18, 1830, l!40 
1811, 1W2, under CiiAELiiBWiLKKS.U. S.N. Vol. XV.) By ChaHLes Tick 
BEING, M. D., Memher of the ScteutUlc Corps atladied to th« Expedition 
One rolume ij;aiirlo, cloth, 4.00. 






ariBITUAXISX tested, or,t1ieFactB0fltsHlstar}-ClBBSlfi«i1,nndt1ieh' 
Cause and Hature Verlliea froni Ancient and Modein Teelimonles. Uy Geougb 
W. Sajlsom, D.D., rreeident of Columbian College, Washtngton, D. <J. lOmo, 



Institutions of tlie I'eople, and of the present condition of Hie Antiqull 
Kuinsi By Hon. J. V. C. Smith, late Mayor of the City of BOEtoo. 
numerous elegant Eogiavlngs. lamo, cloth, 1.73. 



and Berlin. With I'erBOnnl Retnlnlsceucen of 
tiueUie, Sdilller, Sclielliug, Soldciormacher, Sichte, Koi-alis, Schlegel, Neiindt- , 
and others. By Uiioiiicii SlitrifEMS. Translated by William L. Gai:io 

iXCI£!\T J.ITERATUBE AJfB ART. MisceUnncous Eaaaja on buIj. 
jects coauecied islthchs^onl Llteratui-c, with the Biography nnd Corresponri- 
cncu of eminent Philologists. Uy Prof. B.SKAhs, I'realdent of Brown Univer- 
sity, a. It. E[>WARr»i, of Andi>rcr, and C. C. FuLTUX, of Cambridge. SecoBil 
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GOULD AND tINGOtN, 

fiO \7A3HirJGT0N ET2EET, BOSTOM. 




lunoe. Eadlc-a Analytical C 
: a OolUotion of Kymna. 
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